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PROBLEM TO BE SOLVED: To form an SOI structure 
without causing cost increase or lowering of reliability. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semi-conductor substrate characterized by establishing the plate-like cavity in 
the interior. 

[Claim 2] The semi-conductor substrate characterized by preparing the plate-like insulating 
member in the interior. 

[Claim 3] The semi-conductor substrate characterized by including the stress generating film 
which is the semi-conductor substrate which includes a cavity inside, is prepared in a part of 
inside [ at least ] of said cavity, and is made to generate a tensile stress in said semi-conductor 
substrate on said cavity. 

[Claim 4] For the configuration element of an insulator layer and said semi-conductor substrate, 
said stress generating film is a semi-conductor substrate of the semi-conductor film containing 
a different semi-conductor element according to claim 3 which comes out on the other hand and 
is characterized by a certain thing. 

[Claim 5] The semi-conductor substrate according to claim 3 with which the ratio of thickness/ 
(thickness [ of said semi-conductor substrate on said stress generating film ] + thickness of said 
stress generating film) of said semi-conductor substrate on said stress generating film is 
characterized by or more 0.1 being 0.9 or less. 

[Claim 6] The semi-conductor substrate characterized by the column which is the semi- 
conductor substrate which consists of a semi-conductor, and has a cavity inside, and becomes 
the interior of said cavity from said semi-conductor existing. 

[Claim 7] The distance between the field which consists the thickness of the semi-conductor 
substrate on said cavity of said nearest semi-conductor, and said column from t and said column 
w, The semi-conductor substrate according to claim 6 characterized by fulfilling the conditions 
of w<=t (E/0.0568P) 1/4 when the load applied to said semi-conductor substrate on E 
(N/micrometer2) and said cavity in the Young's modulus of said semi-conductor is set to P 
(N/micrometer2). 

[Claim 8] The field which consists of said semi-conductor is a semi-conductor substrate of the 
column which consists of said semi-conductor different from said column which exists in the 
edge of said cavity, and said cavity according to claim 6 which comes out on the other hand and 
is characterized by a certain thing. 

[Claim 9] The semiconductor device characterized by including the semiconductor device formed 
on the semiconductor region on either said cavity of a semi-conductor substrate given in claim 1 
thru/or any 1 term of 8, and said semi-conductor substrate, said insulating member and said 
stress generating film. 

[Claim 10] Said semiconductor device is a semiconductor device according to claim 9 
characterized by being an MOS transistor. 

[Claim 1 1] The three-dimension period structure characterized by coming to arrange two or 
more spherical cavities inside a substrate periodically in three dimension. 
[Claim 1 2] The spherical cavity of said plurality is the three-dimension period structure 
according to claim 1 1 characterized by being arranged at equal intervals on the same line about 
the depth direction of said substrate, and being arranged in the shape of a grid about the inside 




of the same flat surface in sal^PCbstrate. 

* [Claim 13] The spherical cavity of said plurality is three-dimension period structure according to 
claim 1 1 characterized by being the same size altogether substantially. 
[Claim 14] The spherical cavity of said plurality is the three-dimension period structure 
according to claim 1 1 characterized by arranging the cavity of two or more same sizes at equal 
intervals on the same line about the depth direction of said substrate, and arranging the cavity 
where two or more sizes differ about the inside of the same flat surface in said substrate in the 
shape of a grid including two or more spherical cavities where sizes differ. 
[Claim 15] Said substrate is the three-dimension period structure according to claim 11 
characterized by being a silicon substrate. 

[Claim 1 6] Said cavity is the three-dimension period structure according to claim 1 1 
characterized by consisting of polyhedrons which were able to take the angle. 
[Claim 1 7] The three-dimension period structure according to claim 1 1 characterized by 
hydrogen existing in the interior of said cavity. 

[Claim 18] The semiconductor device characterized by including the semiconductor device 
connected with the three-dimension period structure according to claim 1 1 and this three- 
dimension period structure. 

[Claim 19] The semiconductor device characterized by being incorporated in a semi-conductor 
substrate and said semi-conductor substrate, being formed from a semi-conductor element, and 
including the waveguide whose perimeter of a top face, a side face, and a base is space, and 
which lets light pass. 

[Claim 20] Said semi-conductor element is a semiconductor device according to claim 19 
characterized by being the same as the semi-conductor element which constitutes said semi- 
conductor substrate. 

[Claim 21] The semiconductor device characterized by including the passive element formed in 
the front face of the semi-conductor substrate which has a plate-like cavity inside, and said 
semi-conductor substrate on said cavity. 

[Claim 22] Said passive element is a semiconductor device of an inductor and a capacitor 
according to claim 21 which comes out on the other hand at least, and is characterized by a 
certain thing. 

[Claim 23] It is the semi-conductor substrate [claim 24] which is a semi-conductor substrate 
including cooling structure, and is characterized by said cooling structure containing two or more 
cooling pipes for penetrating said semi-conductor substrate and pouring a refrigerant. The 
manufacture approach of the semi-conductor substrate characterized by including the process 
which forms two or more 1st trenches in the front face of a semi-conductor substrate, and the 
process which changes said two or more 1 st trenches into one plate-like cavity by heat-treating 
to said semi-conductor substrate [claim 25] The manufacture approach of the semi-conductor 
substrate according to claim 24 characterized by including further the process which forms in 
the front face of said semi-conductor substrate the 2nd trench which arrives at said plate-like 
cavity, and the process which embeds the interior of said 2nd trench and said plate-like cavity 
by the insulator layer after forming said plate-like cavity. 

[Claim 26] The manufacture approach of the semi-conductor substrate according to claim 24 
characterized by forming an oxide film in the inside of said plate-like cavity by thermal oxidation 
after forming said plate-like cavity. 

[Claim 27] The manufacture approach of the semi-conductor substrate according to claim 25 
characterized by forming an oxide film in the inside of said plate-like cavity by thermal oxidation 
after forming said 2nd trench. 

[Claim 28] While forming two or more 1 st trenches in the front face of a semi-conductor 
substrate, the process which forms the 3rd trench with an effective area larger than said 1 st 
trench, and by heat-treating to said semi-conductor substrate The process changed into one 
cavity which has a plate-like space field for two or more of said the 1st trench and said 3rd 
trench, and has an effective area on the front face of said semi-conductor substrate, and which 
has not been closed, The manufacture approach of the semi-conductor substrate characterized 
by including the process which embeds the interior of said cavity by the insulator layer [claim 



29] The manufacture approacfl^^a semi-conductor substrate given in clHPz4 characterized by 
* carrying out array formation of said two or more 1 st trenches so that it may be set to D<4R 
when the radius of the circle which has D and the same area as the area of the effective area of 
said 1 st trench for spacing of said 1 st trench is set to R thru/or any 1 term of 28. 
[Claim 30] 28 is [ claim 24 characterized by the aspect ratio of said 1st trench being 2.5 or more 
thru/or ] the manufacture approach of a semi-conductor substrate given in the 1st term 
someday. 

[Claim 31] The manufacture approach of a semi-conductor substrate given in claim 24 
characterized by including further the process which forms an MOS transistor in the 
semiconductor region on said cavity of said semi-conductor substrate thru/or any 1 term of 30. 
[Claim 32] An aspect ratio on the front face of a semi-conductor substrate the process in which 
two or more the 1st five or more trenches and aspect ratios form two or more 4th four or less 
trenches, and by heat-treating to said semi-conductor substrate The manufacture approach of 
the semi-conductor substrate characterized by including the process which makes flat the front 
face of said semi-conductor substrate including the field in which said two or more 1st trenches 
were changed into one cavity, and said two or more 4th trenches were extinguished, and these 
the 4th trench and said cavity were formed [claim 33] The process which forms two or more 
trenches in the front face of a semi-conductor substrate, and by performing 1st heat treatment 
to said semi-conductor substrate The process which changes said two or more 1 st trenches 
into one cavity, and by performing 2nd heat treatment to said semi-conductor substrate, and 
changing the pressure inside said cavity into it The manufacture approach of the semi-conductor 
substrate characterized by including the process which makes small the difference of the 
pressure of the ambient atmosphere in which said semi-conductor substrate exists, and the 
pressure inside said cavity [claim 34] The manufacture approach of the semi-conductor 
substrate according to claim 33 characterized by performing said 1st heat treatment under an 
elevated temperature and reduced pressure, and performing said 2nd heat treatment under low 
temperature and high pressure. 

[Claim 35] The manufacture approach of the semi-conductor substrate according to claim 33 
characterized by performing said 1st heat treatment under an elevated temperature 1 100 
degrees C or more. 

[Claim 36] Said 2nd heat treatment is the manufacture approach of the semi-conductor 
substrate according to claim 33 characterized by carrying out in the ambient atmosphere whose 
hydrogen concentration is 1 00%. 

[Claim 37] It is the manufacture approach of the semi-conductor substrate according to claim 
33 characterized by performing said 2nd heat treatment under the high pressure more than 
atmospheric pressure. 

[Claim 38] The manufacture approach of the semi-conductor substrate according to claim 33 
characterized by said the 1st heat treatment and said heat treatment of the 2nd being a 
continuous process. 

[Claim 39] The process which forms two or more 1 st trenches in the front face of a semi- 
conductor substrate, and by heat-treating to said semi-conductor substrate The process which 
changes said two or more 1st trenches into one plate-like cavity, and the process which forms 
in said semi-conductor substrate the 2nd slot which arrives at said cavity, The manufacture 
approach of the semi-conductor substrate characterized by including the process which forms 
the thermal oxidation film for making the inside of said cavity generate a tensile stress in said 
semi-conductor substrate on said cavity by the oxidizing [ thermally ] method [claim 40] The 1st 
semi-conductor film containing the 2nd different semi-conductor element from the process 
which forms two or more 1st trenches in the front face of a semi-conductor substrate, and the 
1st semi-conductor element which constitutes said semi-conductor substrate The process 
formed in the front face of said semi-conductor substrate containing said two or more 1 st 
trenches, and by performing 1st heat treatment to said semi-conductor substrate The process 
which changes said two or more 1st trenches into one plate-like cavity, the process which forms 
in said semi-conductor substrate the 2nd slot which arrives at said cavity, and by performing 
2nd heat treatment to said semi-conductor substrate The manufacture approach of the semi- 



conductor substrate characteWRj by including the process which forms H^znd semi-conductor 
*• film containing said 1st [ the ] for generating a tensile stress, and the 2nd semi-conductor 
element in said semi-conductor substrate on said cavity in the inside of said cavity [claim 41] 
The manufacture approach of the three-dimension period structure characterized by including 
the process which forms two or more 1 st trenches in the front face of a semi-conductor 
substrate, and the process which changes said two or more 1st trenches into two or more 
spherical cavities by heat-treating to said semi-conductor substrate, respectively. 
[Claim 42] The manufacture approach of the three-dimension period structure according to 
claim 41 characterized by performing said heat treatment under an elevated temperature 1 100 
degrees C or more in the ambient atmosphere under the reduced pressure whose hydrogen 
concentration is 100%. 

[Claim 43] The process which forms two or more trenches in the front face of a semi-conductor 
substrate, and by heat-treating to said semi-conductor substrate Etch the process which 
changes said two or more trenches into one plate-like cavity, and said semi-conductor 
substrate, and it leaves alternatively said some of semi-conductor substrates on said cavity. The 
manufacture approach of the semi-conductor substrate characterized by including the process 
formed so that ******** as waveguide which lets light pass whose perimeter of a top face, a 
side face, and a base is space may be included in said semi-conductor substrate. 
[Claim 44] The cross-sectional area of said 1st trench by the flat surface perpendicular to the 
depth direction of said 1st trench is the manufacture approach of the semi-conductor substrate 
according to claim 24 or 28 characterized by things other than the base of said 1 st trench 
become min by the way. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device using the semi- 
conductor substrate which has the same effectiveness as SOI structure, its manufacture 
approach, and this semi-conductor substrate etc. 
[0002] 

[Description of the Prior Art] In recent years, in electron devices, such as DRAM, the much 
more improvement in the speed and much more power-saving are called for. As one means for 
realizing improvement in the speed and power-saving, using a SOI (Silicon On Insulator) 
substrate is raised instead of the silicon substrate (bulk silicon substrate) usually used. 
[0003] the substrate with which the SOI substrate had the structure where a silicon field 
existed, on the insulating region — it is — the formation approach — many classes — it is — 
for example, a lamination method and SIMOX (Separation by IMplanted OXygen) — law and 
ELTRAN (Epitaxial LayerTRANsfer) — there is law etc. 

[0004] however, **** [ the approach / turn to noncommercial electron devices, such as DRAM, 
and ] since the formation approach of the conventional SOI substrate requires cost — ** — 
there was a problem to say. Furthermore, since it was difficult to form a silicon field with few 
defects (component formation field), there was also a problem that sufficient dependability was 
not acquired, compared with the case where a bulk silicon substrate is used. 
[0005] 

[Problem(s) to be Solved by the Invention] Although the further high performance-ization of an 
electron device was realizable by using a SOI substrate like ****, there was a problem in respect 
of cost or dependability. 

[0006] This invention was not made in consideration of the above-mentioned situation, and the 
representation slack purpose is in offering the semi-conductor substrate which has the same 
effectiveness as the SOI structure which can be formed without causing the rise of cost, and 
the fall of dependability, and its manufacture approach. Moreover, this invention also makes it 
the purpose to offer the equipment and the process concerning application of the said semi- 
conductor substrate and the manufacture approach. 
[0007] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly 
explained among invention indicated in this application. 

[0008] In order to attain the above-mentioned purpose, the semi-conductor substrate 
concerning this invention is characterized by preparing the plate-like cavity (ESS: Emty Space 
Silicon) into a semi-conductor substrate. A cavity is an insulating material which has the first 
dielectric constant 1, and the SON (Silicon ON Nothing) structure of it which can be called 
ultimate SOI structure becomes possible. 

[0009] Here, just the place of a semi-conductor substrate when it is not necessary to establish 
a cavity in the whole mostly at (it is meaningless since a semi-conductor substrate will be 
divided in addition by the upper and lower sides of a cavity if it prepares in the whole), and only a 
required place wants to specifically enjoy the merit of a SOI substrate is enough. 



[0010] Moreover, other semi-^W&uctor substrates concerning this inven^^are characterized 
by preparing the plate-like insulating member partially into a semi-conductor substrate. 
[0011] The manufacture approach of the semi-conductor substrate concerning this invention is 
characterized by having the process which forms two or more 1st trenches in the front face of a 
semi-conductor substrate, and the process which changes said two or more 1 st trenches into 
one plate-like cavity by heat-treating to said semi-conductor substrate. 

[0012] Moreover, the manufacture approach of other semi-conductor substrates concerning this 
invention While forming two or more 1st trenches in the front face of a semi-conductor 
substrate, the process which forms the 3rd trench with an effective area larger than said 1st 
trench, and by heat-treating to said semi-conductor substrate It is characterized by having the 
process changed into one cavity which has a plate-like space field for two or more of said the 
1 st trench and said 3rd trench, and has an effective area on the front face of said semi- 
conductor substrate, and which has not been closed, and the process which embeds the interior 
of said cavity by the insulator layer. 

[0013] The desirable gestalt of the manufacture approach of these semi-conductor substrates is 
as follows. 

[0014] (1) After forming a plate-like cavity, it has further the process which forms in the front 
face of a semi-conductor substrate the 2nd trench which arrives at a plate-like cavity, and the 
process which embeds the interior of the 2nd trench and a plate-like cavity by the insulator 
layer. 

[0015] (2) Form an oxide film in the inside of a plate-like cavity by thermal oxidation after 
forming a plate-like cavity. Then, the process of the above (1) is performed if needed. 
[0016] (3) When the radius of the circle which has D and the same area as the area of the 
effective area of the 1st trench for the shortest spacing of the 1st trench is set to R, carry out 
array formation of two or more 1 st trenches so that it may be set to D<4R. 
[0017] (4) Use a silicon substrate as a semi-conductor substrate. 

[0018] (5) Set above (4) and they are the bottom of reduced pressure, and Si02. Heat treatment 
for forming a cavity in the ambient atmosphere returned is performed. 

[0019] (6) Perform heat treatment for forming a cavity in the bottom of reduced pressure, and a 
hydrogen ambient atmosphere in the above (4). 

[0020] (7) Perform heat treatment for forming a cavity below the bottom of reduced pressure, 
and 1000 degrees C or more 1200 degrees C in the above (4). 

[0021] The structure like this invention of having the same function as SOI by the manufacture 
approach of the semi-conductor substrate of this invention, without causing the rise of cost and 
the fall of dependability if it is the semi-conductor substrate of a configuration can be formed. 
[0022] The reason for the ability to prevent the rise of cost is that it forms the insulating region 
of SOI structure according to the simple process of changing into one cavity two or more 
trenches formed in the semi-conductor substrate by heat treatment. 

[0023] Since a single crystal field can be formed as mentioned above using the surface migration 
by heat treatment, the silicon substrate which included some defects as an early substrate can 
be used. Consequently, wafer cost is reducible. That is, cost may be able to be held down even if 
compared with the conventional transistor formed in the bulk substrate of course even if 
compared with the conventional SOI substrate. 

[0024] Moreover, by this approach, since the field in which two or more trenches were formed 
serves as SOI structure, only a desired field can be made into SOI structure. Therefore, by 
forming SOI structure only for the field for which SOI structure is needed, the rise of cost can 
be controlled further and the degree of freedom of a device design also becomes high. 
[0025] The reason for the ability to prevent the fall of dependability is that the crystallinity of 
the semiconductor region which forms a component becomes comparable as the usual single 
crystal semiconductor since form status change-ization to one cavity from two or more above- 
mentioned trenches is what is depended on the surface migration of the semi-conductor 
produced so that surface energy of a semi-conductor substrate may be made into the minimum. 
[0026] The above of this invention, and the other purposes and the new description will become 
clear by a publication and accompanying drawing of this specification. 



[0027] 

[Embodiment of the Invention] Hereafter, the gestalt (henceforth an operation gestalt) of 
operation of this invention is explained, referring to a drawing. 

[0028] (1st operation gestalt) Drawing 1 is the sectional view showing the formation approach of 
of the silicon substrate which has a plate-like cavity (ESSrEmpty Spacein Silicon) concerning the 
1st operation gestalt of this invention, i.e., the SON (Silicon On Nothing) substrate which can be 
called ultimate SOI substrate. 

[0029] First, the mask material 2 is formed on the silicon substrate 1 of a single crystal, and the 
photoresist pattern 3 is formed on it drawin g 1 (a) So that it may be shown. The mask material 2 
is explained later. 

[0030] Next, as shown in drawing 1 (b), patterning of the mask material 2 is carried out by 
anisotropic etching, for example, RIE, by using the photoresist pattern 3 as a mask, and the 
pattern of the photoresist pattern 3 is imprinted to the mask material 2. 
[0031] Next, as shown in drawin g 1 (c), after carbonizing the photoresist pattern 3 and 
exfoliating, patterning of the silicon substrate is carried out by anisotropic etching, for example, 
RIE, by using the mask material 2 as a mask, and array formation of two or more trenches 4 is 
carried out two-dimensional on the front face of a silicon substrate. 

[0032] Here, the radius of a trench 4 is [ the shortest spacing (refer to below-mentioned drawing 
3 ) of 2 micrometers and a trench 4 of 0.2 micrometers and the depth ] 0.8 micrometers. When 
an ingredient with an etching rate later enough than silicon is desirable on the occasion of 
patterning of the silicon substrate 1 according [ the mask material 2 ] to anisotropic etching 
again explained about the layout of a trench 4 later, for example, RIE is used for anisotropic 
etching, the cascade screen of silicon oxide or a silicon nitride, and silicon oxide etc. is suitable. 
[0033] next, the non-oxidizing atmosphere under the reduced pressure after removing the mask 
material 2 (pressure lower than atmospheric pressure) — desirable — Si02 By performing 
elevated-temperature annealing in 100% hydrogen ambient atmosphere of the ambient 
atmosphere to return, for example, 1 100 degrees C, and 10Torr As shown in drawing 1 (e) 
through drawing 1 (d), when the cavities which the effective area of each trench 4 was shut, and 
the cavity was formed, and were further formed with each trench 4 unify, one plate-like cavity 5 
is formed in the interior of a silicon substrate 1. Here, although heat treatment temperature was 
made into 1 100 degrees C, it may be higher than it. 

[0034] This form status change-ization is based on the surface migration of the silicon produced 
so that surface energy may be made into min, after the silicon oxide of the front face of a silicon 
substrate 1 is removed. 

[0035] Here, it is decided by the layout of the early trench 4 whether a plate-like cavity will be 
formed. When the shortest spacing of a trench 4 is 0.8 micrometers like this operation gestalt, as 
shown in drawin g 1 (e), the cavities formed at the bottom of each trench 4 unify, and a plate-like 
big cavity is formed. However, when the shortest spacing of a trench 4 is 0.9 micrometers, as 
shown in drawin g 2 , in each trench 4, the spherical cavity 6 is only formed. 

[0036] The layout of a trench 4 is further explained to a detail using a top view. Drawing 3 is the 
top view showing the layout of a trench 4. The top view of the plate-like cavity 5 formed in the 
right of the layout of each trench 4 of drawing 3 is also shown. The W-W' sectional view of the 
top view of the layout of each trench 4 is equivalent to the sectional view of drawing 1 (c), and 
the W-W' sectional view of the top view of each plate-like cavity 5 is equivalent to the sectional 
view of drawin g 1 (e). 

[0037] In drawing, D shows spacing of a trench 4 and R shows the radius of a trench 4. In 
addition, the dimension of the direction of a shorter side of a cavity 5 is about 100 micrometers. 
Moreover, the upper limit of the direction of a long side of a cavity 5 is comparable as it of a 
chip, and, on the other hand, the lower limit is comparable as it of the MOS transistor field of the 
logic section. 

[0038] According to research of this invention persons, when referred to as D>4.5R, a plate-like 
cavity could not be formed, but it was [ that a spherical cavity is only formed in the lower part of 
each trench, and ], and when referred to as D<4R, it turned out that a plate-like cavity can be 
formed. In addition, in 4 R<=D<=4.5R, a plate-like cavity can form or is not made. 



[0039] Therefore, in the layou^w each trench shown in draw ing 3 , by se^^^ up with D<4R, the 
cavity formed at the bottom of each trench 4 can unify, and the plate-like cavity 5 can be 
alternatively formed in the bottom of the field in which the trench 4 was formed in early stages. 
[0040] That is, according to this operation gestalt, the plate-like cavity 5 can be formed only in 
the bottom of the field with arranging a trench 4 so that D<4R may be filled, and the silicon 
substrate which has a plate-like cavity (dielectric field) partially in a wafer side can be formed 
only in a field to form the plate-like cavity 5 in. 

[0041] This means that only the field of the request within a wafer side is made to SOI structure, 
and can enjoy the merit of SOI substrates, such as rapidity and a low power, in the field. 
Therefore, the merit of a SOI substrate can be enjoyed, without using the SOI substrate which is 
an expensive substrate. 

[0042] And the silicon field which forms a component is not made to produce a defect unlike SOI 
substrates, such as SIMOX and ELTRAN. It is because the cavity is formed by the surface 
migration of the silicon produced so that surface energy of a trench may be made into min, so 
the crystallinity of the silicon field which forms a component becomes comparable as the usual 
single crystal silicon. 

[0043] As a part which prepares such a plate-like cavity, as shown, for example in drawin g 4 , 
the inside of the substrate of the LOGIC section of DRAM/LOGIC mixed loading as which 
rapidity and a low power are required is raised. 

[0044] In addition, when two or more trenches 4 are formed by RIE, just before performing heat 
treatment for making a plate-like cavity form two or more trenches 4 into a form status change, 
after forming the thermal oxidation film with a thickness of about 10nm in the inside of two or 
more trenches 4, it is desirable to remove the thermal oxidation film. The damage of the silicon 
substrate 1 produced by RIE is fully removable with such formation and removal of the thermal 
oxidation film. 

[0045] In addition, also in the case of a rectangle, the same result is obtained although this 
operation gestalt explained the case where the configuration of the effective area of a trench 4 
was a circle. R in this case becomes the area of that rectangle, and the radius of the circle of 
the same area. The same is said of the case of other configurations other than a rectangle. 
[0046] Moreover, even if it heat-treats without removing the mask material 2, the plate-like 
cavity 5 can be formed similarly. However, in order to use the front face of the silicon substrate 
1 by which flattening was carried out, the heat treatment after removal of the mask material 2 
which can also perform flattening on the front face of a substrate to coincidence is more 
desirable. Even if it heat-treats without removing the mask material 2, a front face can be made 
flat by adding a CMP (Chemical Mechanical Polishing) process after that. 

[0047] Moreover, the substrate front face on a plate-like cavity has fallen for a while to other 
substrate front faces. As for the reason, the volume of the cavity formed at the bottom of each 
trench becomes smaller than the volume of an early trench, and it is considered that only the 
part which deducted the volume of the plate-like cavity formed is because a substrate front face 
falls to the volume of two or more trenches formed previously. In addition, the substrate front 
face on a plate-like cavity is flat. 

[0048] Considering applying a plate-like cavity to the LOGIC section of DRAM/LOGIC mixed 
loading, this means that a level difference arises into the boundary part of the DRAM section and 
the LOGIC section, that is, whether it is DRAM/LOGIC mixed loading which applied this 
invention is whether a level difference is in the boundary part of the DRAM section and the 
LOGIC section — it understands. The same level difference is produced with other devices. 
[0049] In the case of R= 0.2 micrometers and D= 0.8 micrometers, the above-mentioned level 
difference is set to 0.1 micrometers or less. If it is a level difference of this level, it can expose 
satisfactory. With the present technique, if it is 0.2 micrometers or less, it can expose 
satisfactory. 

[0050] The concrete approach of mitigating the effect of a level difference is described. Since 
the pattern thinner than the pattern of a mask (REKUCHIRU) on a level difference is imprinted 
by the resist in optical exposure, about the pattern of the part corresponding to the level 
difference top of a mask (REKUCHIRU), it is good to expect the part which becomes thin 



beforehand and to consider a^HDroad pattern. Using electron beam exporore is raised as other 
approaches. It is because electron beam exposure cannot be easily influenced of a level 
difference compared with optical exposure. 

[0051] What is necessary is only for the part which fell after only the part which falls beforehand 
investigating fields other than the formation field of a cavity or forming a plate-like cavity to 
raise only the formation field top of a cavity, or to grind the whole surface by CMP, and just to 
carry out flattening of the front face, before forming a plate-like cavity when the effect cannot 
be disregarded although it is satisfactory even if it will leave as it is if it is a certain amount of 
level difference as mentioned above. 

[0052] In investigating only the part which falls beforehand, where the formation field of a plate- 
like cavity is covered with a mask, for example, an oxide film, the field which does not form a 
plate-like cavity by the RIE method is etched alternatively, and it retreats the front face. 
[0053] What is necessary is on the other hand, just to perform selection epitaxial growth of Si 
using dichlorosilane and a hydrochloric acid in the condition of having covered except the 
formation field of a plate-like cavity with the mask, in raising only the lowered part. 
[0054] Moreover, if a plate-like cavity is formed by heat treatment of an elevated temperature 
and long duration, it is possible to make the whole front face flat. 

[0055] as stated above, this operation gestalt says that two or more trenches are changed into 
one plate-like cavity by the surface migration of silicon — simple and a damage — a dielectric 
field can realize SOI structure of a cavity according to a free process. Therefore, according to 
this operation gestalt, the silicon substrate which has SOI structure can be offered now, without 
causing the rise of cost, and the fall of dependability. 

[0056] Moreover, since the plate-like location and the magnitude of a cavity are controllable by 
two or more locations and magnitude of a trench, they can introduce the SOI structure of 
desired magnitude into the field of the request in a silicon substrate easily. 
[0057] In addition, although this operation gestalt explained the example which forms one plate- 
like cavity into a silicon substrate, two or more plate-like cavities may be formed into a silicon 
substrate. 

[0058] (2nd operation gestalt) Drawing 5 - drawing 7 are the sectional views showing the 

manufacture approach of the MOS transistor concerning the 2nd operation gestalt of this 

invention. In addition, in the following drawings, the same sign as the above-mentioned drawing 

shows the same part or a considerable part, and the detailed explanation is omitted. 

[0059] With this operation gestalt, a plate-like cavity is formed into a silicon substrate, and the 

case where an MOS transistor is manufactured on this plate-like cavity is explained. 

[0060] First, by the same approach as the 1st operation gestalt shown in drawing 1 (a) - drawing 

1 (e), as shown in drawing 5 (a), the plate-like cavity 5 is formed in a silicon substrate 1. 

[0061] Next, as shown in drawing 5 (b), sequential formation of silicon oxide 7, the silicon nitride 

8, and the photoresist pattern 9 is carried out on a silicon substrate 1 . 

[0062] Here, the photoresist pattern 9 is arranged so that a part of the opening [ at least ] may 
come on a porosi field. The example arranged so that the whole opening may come on a porosi 
field is shown in drawing. 

[0063] Next, as shown in drawing 5 (c), patterning of the silicon nitride 8 and the silicon oxide 7 
is carried out one by one by anisotropic etching, for example, RIE, by using the photoresist 
pattern 9 as a mask, and the pattern of the photoresist pattern 9 is imprinted to the silicon 
nitride 8 and silicon oxide 7. 

[0064] Next, as shown in drawin g 5 (d), after carbonizing the photoresist pattern 9 and 
exfoliating, the silicon nitride 8 and silicon oxide 7 are used as a mask, patterning of the silicon 
substrate 1 is carried out by anisotropic etching, for example, RIE, and the trench 10 connected 
to the plate-like cavity 5 is formed. 

[0065] Next, as shown in drawing 6 (e), the silicon thermal oxidation film 1 1 is formed in the 
inside of the plate-like cavity 5 by thermal oxidation. Next, after depositing silicon oxide 12 on 
the whole surface so that the plate-like cavity 5 and the interior of a trench 10 may be 
embedded as shown in ** (e), CMP removes the unnecessary silicon oxide of the plate-like 
cavity 5 and the exterior of a trench 1 0, and flattening of the front face is carried out. At this 



time, it is enough for it not tol^necessary to embed the interior of the prcrce-like cavity 5 by 

silicon oxide 12 completely, and just to embed a trench 10 completely at least. 

[0066] Next, as shown in drawing 6 (f), after forming the photoresist pattern 13 for forming 

isolation (STI), patterning of the silicon nitride 8 and the silicon oxide 7 is carried out one by one 

by anisotropic etching, for example, RIE, by making this into a mask, and the pattern of the 

photoresist pattern 13 is imprinted to the silicon nitride 8 and silicon oxide 7. 

[0067] Next, as shown in drawin g 6 (g), after carbonizing the photoresist pattern 13 and 

exfoliating, the silicon nitride 8 and silicon oxide 7 are used as a mask, patterning of the silicon 

substrate 1 is carried out by anisotropic etching, for example, RIE, and the isolation trench 14 is 

formed. At this time, the thermal oxidation film 1 1 formed in the inside of the plate-like cavity 4 

works as a RIE stopper. 

[0068] Next, as shown in drawing 6 (h), after forming the silicon thermal oxidation film 15 in the 
side face of the isolation trench 14 by thermal oxidation, silicon oxide 16 is embedded and 
formed in the isolation trench 14, and a front face is made flat. 

[0069] Embedding of the isolation trench 14 is performed by removing the unnecessary silicon 
oxide 16 of the exterior of the isolation trench 14 by CMP, after depositing silicon oxide 16 on 
the whole surface by CVD so that it may be filled up with the interior of the isolation trench 14. 
[0070] Next, as shown in drawing 7 (i), the silicon nitride 8 and silicon oxide 7 are removed. The 
silicon nitride 8 is heating H3 P04. A solution and silicon oxide 7 are removed using a fluoric acid 
solution. 

[0071] Next, as shown in drawing 7 (j), the front face of a silicon substrate 1 is oxidized 
thermally, and gate oxide 1 7 is formed in the front face. The above-mentioned thermal oxidation 
is performed in the mixed-gas ambient atmosphere of 900 degrees C, oxygen, and HCI. Here, as 
gate dielectric film, although the oxide film was used, other insulator layers, such as tantalum 
oxide film and oxy-night RAIDO film, may be used. 

[0072] Next, as shown in drawing 7 (k), the conductive film is formed all over a substrate, 
patterning of this is carried out, and the gate electrode 1 8 is formed. 
[0073] As conductive film, the cascade screen of the polycrystalline silicon film, the 
polycrystalline silicon film, and the metal silicide film and a metal membrane are raised, for 
example. Each above-mentioned polycrystalline silicon film is the thing of low resistance [ film / 
of undoping / polycrystalline silicon ] including an impurity. 

[0074] When the polycrystalline silicon film is used, the cascade screen of the polycrystal silicon 
gate, the polycrystalline silicon film, and the metal silicide film is used and the polycide gate and 
a metal membrane are used, the MOS transistor of the metal gate will be formed, respectively. In 
the case of the metal gate, it is good to adopt the so-called DAMASHIN gate (A.Yagishita et 
al.IEDM1998 p.785). 

[0075] Next, as shown in drawing 7 (k), after using the gate electrode 15 as a mask and injecting 
impurity ion into a silicon substrate 1, annealing for activating the above-mentioned impurity ion 
is performed, and the shallow low-concentration diffusion layers (extension) 1 9 and 20 are 
formed. 

[0076] As shown in drawin g 7 (I), after forming the gate side-attachment-wall insulator layer 21 
with a well-known technique (side-attachment-wall remnants), using this gate side-attachment- 
wall insulator layer 21 and the gate electrode 18 as a mask and injecting impurity ion into a 
silicon substrate 1 finally, the MOS transistor of LDD structure is completed by performing 
annealing for activating the above-mentioned impurity ion, and forming the source diffusion layer 
22 and the drain diffusion layer 23. 

[0077] In addition, annealing of the process of drawin g 7 (k) may be omitted and you may carry 
out by summarizing activation of impurity ion by annealing of the process of drawin g 7 (I). 
[0078] Furthermore, although the mask material which consists of a silicon nitride 8 and silicon 
oxide 7 was used with this operation gestalt when forming a trench 10 and the isolation trench 
14, it is desirable to use silicon oxide T and the mask material which consists of a silicon nitride 
8 and silicon oxide 7 in consideration of the selection ratio in etching with silicon. 
[0079] The MOS transistor explained with the above-mentioned operation gestalt is good to use 
for the MOS transistor which constitutes LOGIC of DRAM/LOGIC mixed loading for example. In 



this case, in a LOGIC field, th^Werit of SOI, such as rapidity and a low po^Br, is enjoyable. 
[0080] Both manufacture process is fundamentally the same as there are many etching 
processes for the manufacture process of the MOS transistor of a LOGIC field to form two or 
more trenches compared with it of the MOS transistor of a DRAM field and heat treatment 
processes which change two or more trenches into one plate-like cavity here. 
[0081] Therefore, since the manufacture process of the conventional DRAM/LOGIC mixed 
loading can be followed almost as it is, in a LOGIC field, DRAM/LOGIC mixed loading which can 
enjoy the merit of SOI, such as rapidity and a low power, is easily realizable. 

[0082] (3rd operation gestalt) Drawin g 8 is the sectional view showing the manufacture approach 
of the MOS transistor concerning the 3rd operation gestalt of this invention. Although the 2nd 
operation gestalt explained how to embed a plate-like cavity by silicon oxide, with this operation 
gestalt, a plate-like cavity is not embedded by silicon oxide, but how to leave with the condition 
of a cavity is explained. 

[0083] First, as shown in drawing 8 (a), the plate-like cavity 5 is formed in a silicon substrate 1 
by the same approach as the 1 st operation gestalt shown in drawing 1 (a) - drawin g 1 (e). 
[0084] Next, as shown in draw ing 8 (b), the silicon thermal oxidation film 24 is formed in the 
inside of the plate-like cavity 5, and the front face of a silicon substrate by thermal oxidation. 
The above-mentioned thermal oxidation is performed in the mixed-gas ambient atmosphere of 
900 degrees C, oxygen, and HCI. In a back process, the silicon thermal oxidation film 22 plays a 
role of a stopper at the time of RIE, as drawing 6 (g) showed. 

[0085] Next, as shown in drawing 8 (c), after forming the silicon nitride 25 through the silicon 
thermal oxidation film 24 on a silicon substrate 1, the photoresist pattern 26 for forming isolation 
(STI) on it is formed. 

[0086] Next, as shown in drawin g 8 (d), patterning of the silicon nitride 25 and the silicon thermal 
oxidation film 24 is carried out one by one by anisotropic etching, for example, RIE, by using the 
photoresist pattern 26 as a mask, and the pattern of the photoresist pattern 26 is imprinted on 
the silicon nitride 25 and the silicon thermal oxidation film 24. 

[0087] Next, after exfoliating the photoresist pattern 21, the MOS transistor of the LDD 
structure shown in drawing 9 is completed through the process after drawin g 6 (f) shown with 
the 2nd operation gestalt, and the same process. 

[0088] Since there is no process which can acquire the same effectiveness as the 2nd operation 
gestalt, and embeds the plate-like cavity 5 with this operation gestalt further also by this 
operation gestalt at silicon oxide, the effectiveness that simplification of a process can be 
attained is also acquired. 

[0089] (4th operation gestalt) Drawing 10 is a process cross section which shows the 
manufacture approach of the MOS transistor concerning the 4th operation gestalt of this 
invention. 

[0090] First, as shown in drawing 10 (a), sequential formation of the mask material 2 and the 
photoresist pattern 27 is carried out on a silicon substrate 1. 

[0091] Here, the point that the photoresist pattern 27 differs from the photoresist pattern 3 of 
drawin g 1 (a) of the 1st operation gestalt is having the pattern (opening) corresponding to a 
trench with an area of an effective area larger than a trench 4 near the pattern other than the 
pattern (opening) corresponding to two or more trenches 4. 

[0092] Next, patterning of the mask material 2 is carried out by anisotropic etching, for example, 
RIE, by using the photoresist pattern 27 as a mask, and the pattern of the photoresist pattern 27 
is imprinted to the mask material 2, and the photoresist pattern 27 is carbonized after that and it 
exfoliates. 

[0093] Next, as shown in drawin g 10 (b), patterning of the silicon substrate is carried out by 
anisotropic etching, for example, RIE, by using the mask material 2 as a mask, and the area of an 
effective area forms the large trench 28 in the front face of a silicon substrate rather than them 
near two or more trenches 4 and these trenches 4. 

[0094] Next, as shown in drawing 10 (c), after exfoliating the mask material 2, it changes into one 
cavernous 5* which has a plate-like space field for two or more trenches 4 and trenches 28, and 
has an effective area on a substrate front face and which has not been closed by performing 



elevated-temperature annealin^n 100% hydrogen ambient atmosphere orae non-oxidizing 

atmosphere under reduced pressure, for example, 1 100 degrees C, and 10Torr. 

[0095] Although the globular form cavity at the pars basilaris ossis occipitalis of each trench 4 is 

formed and a plate-like cavity is here formed as the result since form status change-ization by 

the surface migration of silicon is used as the 1st operation gestalt showed two or more 

trenches 4, in the lower part of the large trench 28, only the corner is only round. 

[0096] The layout of a trench 4 and the top view of a cavity are shown in drawin g 12 . This is 

drawing corresponding to drawin g 3 , the top view on the left-hand side of drawin g 12 (trench 

layout) is equivalent to the top view on the left-hand side of drawin g 3 (trench layout), and the 

top view on the right-hand side of drawing 12 (plate-like cavity) is equivalent to the top view on 

the right-hand side of drawing 3 (plate-like cavity). 

[0097] Since it should just be connected with the plate-like cavity obtained by form status 
change-ization of two or more trenches 4, the trench 28 big here is not limited to the location 
shown in drawing 12 , and if the location is near two or more trenches 4, it is [ that the number 
should just be one or more since it is a trench for inside oxidization of a cavity 5 as shown 
below ] arbitrary [ the trench ]. And the cross-section configuration of the big trench 28 is also 
arbitrary. 

[0098] Next, as shown in drawing 10 (d), after forming the silicon thermal oxidation film 1 1 in the 
inside of cavernous 5', silicon oxide 12 is deposited on the whole surface so that it may be filled 
up with cavernous 5'. 

[0099] Next, as shown in drawing 1 1 (e), CMP removes the unnecessary silicon oxide 12 of the 
exterior of cavernous 5\ and flattening of the front face is carried out. 

[0100] Next, as shown in drawin g 1 1 (f), sequential formation of the photoresist pattern 31 for 
forming silicon oxide 29, the silicon nitride 30, and an isolation trench (STI) is carried out on a 
substrate. 

[0101] Next, as shown in drawing 1 1 (g), patterning of the silicon nitride 30 and the silicon oxide 
29 is carried out one by one by anisotropic etching, for example, RIE, by using the photoresist 
pattern 31 as a mask, and the pattern of the photoresist pattern 31 is imprinted to the silicon 
nitride 30 and silicon oxide 29. 

[0102] Next, after carbonizing the photoresist pattern 31 and exfoliating, the MOS transistor of 
the LDD structure shown in drawin g 13 is completed through the process after drawin g 6 (f) 
shown with the 2nd operation gestalt, and the same process. 

[0103] (5th operation gestalt) this operation gestalt — the 1- an improvement technique 
applicable to the 4th operation gestalt is explained. In the formation approach of a silicon 
substrate (SON substrate) of having the plate-like cavity mentioned above, a level difference 
arises at the edge of the formation field of a cavity 5 inevitably on the formation approach (refer 
to drawing 1 4). 

[0104] When the above-mentioned level difference tends to produce a device on the silicon 
substrate 1 on a cavity 5, it poses a problem. For example, in case patterning of the metal 
membrane which serves as an electrode ranging over a level difference is carried out, patterning 
cannot be carried out as a design but problems, such as short-circuit of wiring and opening, arise 
as the result. Furthermore, in case oxidation treatment is performed, stress arises in the 
substrate near a level difference, and problems, such as a crystal defect, arise. 
[0105] For example, how to carry out flattening of the front face, using the CMP method or the 
RIE method as an approach of canceling this kind of level difference can be considered. The 
latter approach is in the condition which covered the field with a lower front face by mask film, 
such as an oxide film, and is an approach of etching a field with a higher front face by the RIE 
method, and canceling a level difference. However, since the thing [ any ] approach also cancels 
a level difference, it will be necessary to add one or more processes independently, and the 
increment in a routing counter and complication of a production process will be caused. 
[0106] So, in this invention, array formation of two or more trenches with a beforehand small 
aspect ratio is carried out also to the field which does not form a cavity 5. The trench formed at 
this time is a small trench (dummy trench) which is the aspect ratio which cannot form a cavity 
in the lower part of a trench, and that consistency is designed so that the level difference 



predicted can be canceled. Thl^by forming the designed trench beforeham; the level difference 
of the formation field edge of a cavity 5 is easily cancelable. 

[0107] Hereafter, the formation approach of the SON substrate using the above-mentioned 
improvement technique is explained, referring to drawing 1 5 . 

[0108] First, as shown in drawing 1 5 (a), like the 1st operation gestalt, the mask material 2 and 
the photoresist pattern 3 are formed on a silicon substrate 1, the mask material 2 is etched by 
using the photoresist pattern 3 as a mask, and the pattern of the photoresist pattern 3 is 
imprinted to the mask material 2. 

[0109] Next, as shown in drawing 15 (b), after exfoliating the photoresist pattern 3, patterning of 
the silicon substrate 1 is carried out by using the mask material 2 as a mask, and array formation 
of a trench 4 and 4' is carried out. Here, the aspect ratios of a trench 4 and 4' differ mutually, 
and consistencies differ mutually similarly. About an aspect ratio and a consistency, it mentions 
later. 

[01 10] Next, as shown in drawing 1 5 (c), a hydrogen fluoride water solution removes silicon oxide 
2. 

[01 1 1] Next, the silicon substrate 1 of this condition is heat-treated in a reducing atmosphere. 
By this heat treatment, the surface migration of silicon arises so that the surface energy of a 
silicon substrate 1 may become min. 

[01 12] Consequently, it changes, as the configuration of a field where the trench 4 was formed is 
shown in drawing 15 (d) and drawing 1 5 (e), and the tabular cavity 5 is formed into a silicon 
substrate 1. At this time, the substrate front face on the field in which the cavity was formed 
becomes low compared with the time of the process of drawin g 15 (a). 

[01 13] It changes, as the configuration of a field where trench 4' was formed is shown in drawing 
15 (d) and drawing 15 (e) on the other hand, and a cavity 5 is not formed although trench 4 ? 
disappears. At this time, the substrate front face on the field where trench 4' disappeared 
becomes low to the same extent as the substrate front face on the field in which the cavity was 
formed. Consequently, a cavity 4 can be formed into a silicon substrate 1, without causing a level 
difference as shown in drawing 14 (b). 
[01 14] Hereafter, each process is explained to a detail. 

[01 15] First, the configuration and the number of a cavity which are obtained to an early trench 
configuration are explained using drawing 16 and drawing 1 7 . As shown in drawing 16 , when an 
early trench configuration is a cylinder-like, the configuration of the cavity obtained is spherical. 
It is RR about the radius of the trench of the shape of an early cylinder. If it carries out, it is the 
radius RS of a spherical cavity. **** lambda between two spherical cavities where 1.88RR(s) and 
the upper and lower sides adjoin each other is 8.89RR(s). It becomes. 

[01 16] Therefore, as shown in drawing 1 7 , the number of the cavity obtained estimates by 
breaking depth L of the trench of the shape of an early cylinder at intervals of [ lambda ] a 
cavity, this invention person etc. formed the radius RR =0.2micrometer trench, and changed and 
investigated the depth L to 1 micrometer and 2 micrometers. 

[01 17] Consequently, during heat treatment of the same conditions, for example, a hydrogen 
ambient atmosphere, to 1100 degrees C, 10Torr, and 10min, when the depth was 1 micrometer, 
the trench disappeared and flattening of the substrate front face was only carried out. On the 
other hand, when the depth was 2 micrometers, one spherical cavity was formed. This result was 
in agreement with the number of the cavity estimated from the graph shown in drawin g 17 , and 
it checked that the trial calculation of the number of a cavity could be made using drawing 17 . 
[01 18] Next, the aspect ratio of the trench to form and a consistency are described. A trench 4 
is for forming a cavity 5 in a substrate 1. For that purpose, it is necessary to make the aspect 
ratio of a trench 4 or more into five. Moreover, in order to form the tubular or tabular cavity 5, it 
is necessary to arrange a trench 4 beforehand a line or in the shape of a grid. To the radius R of 
a trench 4, it is necessary to set up the spacing D of trench 4 comrades in that case so that it 
may be set to D<4R. 

[01 19] On the other hand, trench 4' is for canceling the level difference produced when forming a 
cavity 5, and is **. For that purpose, it is necessary to make the aspect ratio of trench 4' or less 
into three so that a cavity may not be produced in a silicon substrate 1 . Moreover, the 




consistency of trench 4' is de^^d with the magnitude of a level differen^^^or example, when 
the consistency was formed for with radius [ of 0.2 micrometers ], and a depth of 2 micrometers 
trench 4' as 1 .6 (/micrometer2) per unit area, the level difference after forming a cavity 5 was 
0.12 micrometers. What is necessary will be just to form that consistency for with radius [ of 0.5 
micrometers ], and a depth of 2 micrometers trench 4' as 0.76 pieces (/micrometer2) in this 
case. 

[0120] As stated above, when carrying out array formation of the trench used as a cavity 
according to this operation gestalt, the level difference produced at the formation field edge of 
the cavity in a silicon substrate can be easily canceled by carrying out array formation of two or 
more dummy trenches with which the aspect ratio and the consistency were designed so that it 
might not become a cavity at coincidence, without causing the increment in a routing counter, 
and complication of a production process. Other configurations are sufficient although the case 
where the configuration of a cavity was tabular was explained especially here. That is, if the 
approach described here is a cavity which a level difference produces, it is [ that there is nothing 
with regards to the configuration ] effective. 

[0121] (6th operation gestalt) this operation gestalt — the 1- other improvement techniques 
applicable to the 4th operation gestalt are explained. In the formation approach of a SON 
substrate of having plate-like ESS mentioned above, when forming ESS of a large area, there is a 
problem that plate-like ESS will be crushed. 

[0122] When ESS width of face is as small as 20 micrometers, as shown in drawing 18 (a), plate- 
like ESS is not crushed, but when ESS width of face is as large as 1 80 micrometers, as shown in 
drawin g 18 (c) which is drawin g 18 (b) and its enlarged drawing, specifically, plate-like ESS will be 
crushed. In addition, in drawin g 15 , heat treatment for changing a trench into ESS was 
considered as heat treatment of 1 100 degrees C in the inside of 100% hydrogen ambient 
atmosphere, 10Torr, and 10min. 

[0123] It became clear that it can avoid crushing ESS even if it enlarges ESS width of face by 
devising a header and heat treatment for changing a trench into ESS further for a formula 
effective in calculating ESS of the size which is not crushed so that it may explain in full detail 
below wholeheartedly according to research, such as this invention person. 

[0124] First, the result of having calculated the reinforcement of ESS structure is explained. The 
model of ESS structure used for the above-mentioned count at drawi ng 19 is shown. ESS width 
of face is set to a (micrometer), and thickness of the silicon layer on b (micrometer) and ESS is 
set to t (micrometer) for ESS depth. The bending delta of a silicon layer (micrometer) is 
expressed with a formula (1) at this time. 
[0125] 

Delta=alpha Pa4 / Et3 — (1) 

Here, P expresses the load concerning a silicon layer. E expresses Young's modulus and, in the 
case of silicon, is E= 0.13 (N/micrometer2). alpha is the multiplier of the non-dimension which 
changes according to ESS structure (=b/a), in the case of b/a>=2, ESS structure is 0.0284 in a 
rectangle, and, in the case of b/a=1, ESS is given with a square 0.0138. The following count 
shows the case of b/a>=2. 

[0126] First, the self-weight was considered as a load concerning a silicon layer. As a result of 
calculating bending by self-weight to ESS structure (t= 1 micrometer and a= 180 micrometers), it 
turned out that it is extent small [ very ] and disregarded with delta= 5.2x10-6 (micrometer). 
Furthermore, when the trial calculation was made as a= 1mm as bigger structure, also in the 
case of the ESS structure of delta= 5x10-3 (micrometer) and a large area, it turned out that the 
bending by self-weight is fully small. The above count result showed that the formation of a form 
status change by self-weight was hardly influential. 

[0127] Next, the load by the difference of the pressure inside ESS and an atmospheric pressure 
was considered. The pressure inside ESS is [ whether it is equivalent to the pressure at the time 
of heat treatment at the time of ESS formation, and ] less than [ it ]. It follows, for example, 
when the pressures of heat treatment are 10TorKs), the load of atmospheric pressure 
(1.013x10-7 (N/micrometer2)) will be applied mostly. 

[0128] Then, bending by the atmospheric pressure load was calculated to ESS (t= 1 micrometer 



case of count of a self-weight. Consequently, it was as large as 
delta= 23.2 micrometers, and it turned out that ESS will be crushed. On the other hand, when a= 
20 micrometers and ESS width of face were made small, it turned out that form status change- 
ization by delta= 3.5x10 to 3 micrometer and the pressure load can also be disregarded. This is 
well in agreement with the result shown in drawing 1 8 , and means that ESS which has the size 
which can avoid crushing using a formula (1) can be designed. 

[0129] Next, the trial calculation of what magnitude of ESS is actually realizable using a formula 
(1) was made. How much it bending to plate width of face (ESS width of face) in drawing 20 , 
when thickness t of a silicon layer is 0.1 micrometers and 1 micrometer, and the calculated 
result are shown. 

[0130] Drawing 20 shows that the bending delta of a silicon layer is fully small, also when thick 
and thickness t of a silicon layer sets ESS width of face to 20 micrometers with 1 micrometer. 
On the other hand, it turns out that thickness t 0.1 micrometers or more of a silicon layer bends 
even when ESS width of face is 10 micrometers in being thin, 0.1 micrometers and. Since the 
thickness of ESS is comparable as thickness t of a silicon layer, it can expect that ESS will be 
crushed. That is, when thickness t of a silicon layer was 0.1 micrometers, it turned out that ESS 
width of face cannot realize ESS with a magnitude of about 8 micrometers or more. 
[0131] this invention person etc. found out that the process sequence shown in drawing 21 was 
effective as an approach of forming ESS of a large area. That is, after performing 1st heat 
treatment for forming ESS structure, 2nd heat treatment is performed continuously, without 
opening a chamber, and the pressure inside ESS is adjusted. 

[0132] The 1st heat treatment is processing for forming ESS. Therefore, as for the 1st heat 
treatment, it is desirable to carry out the condition under the elevated temperature and reduced 
pressure which the surface migration of Si tends to produce on the surface of a silicon 
substrate, for example, it should just perform it under the conditions of 1 100 degrees C, 10Torr, 
and 10min. The ambient atmosphere of heat treatment has [ that what is necessary is just the 
ambient atmosphere of a non-oxidizing quality ] desirable 100% hydrogen ambient atmosphere. 
[0133] The 2nd heat treatment is processing for adjusting the pressure inside ESS. Therefore, it 
is desirable to perform 2nd heat treatment the condition under low temperature and high 
pressure. The ambient atmosphere of heat treatment has the ambient atmosphere containing an 
element with the large diffusion coefficient in the inside of silicon, for example, the ambient 
atmosphere containing hydrogen, and desirable 100% hydrogen ambient atmosphere. The diffusion 
coefficient D of hydrogen (cm2 / s) is given by the formula (2). 
[0134] 

D=4.2x10-5exp (-0.56/kT) — (2) 

k is a Boltzmann's constant and T is absolute temperature (K). By the formula (2), the diffusion 
length of the hydrogen in 200 degrees C estimates it as 1 micrometer in 60 seconds. Therefore, 
heat treatment of 200 degrees C and low temperature can also be diffused to the interior of 
ESS, and, as for hydrogen, can carry out adjustable [ of the pressure inside ESS ] effectively as 
the result. That is, the pressure inside ESS is changeable into a pressure equivalent to the 
pressure at the time of heat treatment by performing 2nd heat treatment in a hydrogen ambient 
atmosphere. 

[0135] Moreover, considering that a pressure also decreases in proportion to temperature, a 
pressure will become low in the temperature fall process under 2nd heat treatment from an ideal 
gas law (PV=nRT). Therefore, it is desirable to perform 2nd heat treatment under pressurization 
beforehand. For example, what is necessary is just to let the pressures of heat treatment at 600 
degrees C be three atmospheric pressures, when temperature of the 2nd heat treatment is made 
into 600 degrees C. 

[0136] Since the load by the differential pressure of the pressure inside ESS and an atmospheric 
pressure can be reduced or abolished by adjusting the pressure inside ESS by 2nd heat 
treatment as stated above, the ESS structure of a large area can be formed more. Moreover, it 
becomes possible to form a component on a SON layer, maintaining the configuration, even if it 
made the SON layer thin for device production without crushing ESS. 

[0137] (7th operation gestalt) When producing a transistor in the silicon layer on ESS of a SON 



substrate (SON layer), in orde^ro fully pull out the merit of a SON substSra, it is necessary to 
set thickness of a SON layer to 0.1 micrometers or less. However, a SON layer will bend greatly 
according to a pressure load as it mentioned above, when thickness of the SON layer of a large 

area was made thin. 

« 

[0138] It bends with the thickness of the SON layer for which it asked by count which used the 
formula (1) for drawin g 22 , and relation with an amount is shown. ESS width of face of a SON 
layer was set to 20 micrometers. When thickness of a SON layer is made thin from drawin g 22 to 
0.1 micrometers to such a small thing that the bending can be disregarded after producing the 
thickness of a SON layer as 1 micrometer, the amount of bending is as large as 1 micrometers or 
more, and it turns out that ESS structure will be crushed. 

[0139] If the above-mentioned result is taken into consideration, it can be said that it is 
effective to carry out before a thin film chemically-modified [ of the SON layer at the time of 
device production ] degree after the 2nd heat treatment forms ESS structure by 1 st heat 
treatment. In the 2nd heat treatment, a thin SON layer can be formed by raising the pressure 
inside ESS near the atmospheric pressure, without crushing ESS. 

[0140] In addition, the 15th operation gestalt explains further the technique which prevents 
crushing of plate-like ESS of a large area. However, since it is not necessary to take the load by 
differential pressure into consideration when a part forms cavernous 5 f which carried out opening 
at the time of formation of a cavity, as shown in drawing 10 , ESS which has the large area to 
size which bending by self-weight does not influence can be formed. 

[0141] (8th operation gestalt) This operation gestalt explains the SON substrate which can solve 
the trouble which has the same effectiveness as the silicon substrate (distortion substrate) by 
which the SiGe layer etc. was embedded directly under the channel, and the above-mentioned 
distortion substrate has. 

[0142] First, the conventional distortion substrate is explained. One of the key objectives of 
detailed-izing of the transistor in LSI is implementation of the high performance LSI by 
improvement in the speed of a transistor. However, the gate length of a transistor rushes into a 
field 0.1 micrometers or less in recent years, and the detailedHzation is becoming difficulty 
increasingly. 

[0143] In such a background, the distortion substrate with which it comes to embed different- 
species presentation layers, such as for example, a SiGe layer, directly under [ near the front 
face of a silicon substrate ] a channel is proposed as the implementation approach of the 
improvement in the speed for which it does not depend on detailed-ization. 

[0144] According to this kind of distortion substrate, distortion arises in Si near a substrate front 
face by the different-species presentation layer, the mobility of a carrier (an electron or electron 
hole) improves by this, and it becomes possible to realize high performance-ization of a 
transistor. 

[0145] However, embedding different-species presentation layers, such as a SiGe layer, will 
cause the problem of generating of the crystal defect by grid distortion. This problem becomes 
so remarkable that germanium concentration of a SiGe layer is made high, in order to enlarge 
grid distortion. That is, in the conventional distortion substrate, it had become a big problem on a 
process how the SiGe layer which contains germanium in high concentration is formed in the 
interior of a substrate, without generating a crystal defect. 

[0146] Hereafter, the formation approach of the SON substrate concerning the 8th operation 
gestalt of this invention which can solve the above-mentioned problem using drawing 23 is 
explained. 

[0147] First, using the well-known lithography method and the well-known RIE method, as shown 
' n drawin g 23 (a), array formation of two or more trenches 4 is carried out on the front face of 
the silicon substrate 1 of the single crystal which has field (100) bearing. 

[0148] Next, as shown in drawing 23 (b), in the mixed ambient atmosphere of hydrogen and an 
argon, by pressure 10Torr, 1 100 degrees C, and heat treatment for 3 minutes, the silicon of the 
front face of a silicon substrate 1 is made to flow, and a cavity 3 is formed. The thickness of the 
silicon layer 33 on 1.2 micrometers and a cavity 3 (SON layer) was set to 0.6 micrometers by the 
thickness (dimension of the substrate depth direction) of the cavity 3 formed by such heat 



treatment. 

[0149] Next, as shown in drawing 23 (c), the trench 10 which arrives at a cavity 5 is formed using 
a well-known photolithography and etching. The effective area of a trench 10 is a 
0.3micrometerx0.5micrometer rectangle, and the depth of a trench 10 is 2.5 micrometers. 
[0150] Next, as shown in drawing 23 (d), the front face of a silicon substrate 1 is oxidized 
thermally, and silicon oxide 32 with a thickness of 0.4 micrometers is formed. As a result of 
performing such thermal oxidation, the thickness of the SON layer 33 decreased from 0.6 
micrometers to 0.4 micrometers. 

[0151] Finally, as shown in drawing 23 (e), remove alternatively the silicon oxide 32 on a silicon 
substrate 1 using the RIE method, silicon oxide 32 is made to save alternatively in a cavity 5 and 
a slot 10, and a SON substrate is completed. 

[0152] Thus, when the internal stress in the SON layer 33 of the obtained SON substrate was 
measured by Raman spectroscopy, it was checked that the hauling nature (tensile) stress of 
250MPa exists. 

[0153] The cause which such hauling nature stress generated has the direction of a silicon 
substrate 1 in a coefficient of thermal expansion being larger than silicon oxide 32. Distortion is 
eased in case a silicon substrate 1 is oxidized at an elevated temperature. On the other hand, in 
case the hot silicon substrate 1 is lowered to a room temperature, relaxation of distortion does 
not break out. Consequently, rather than silicon oxide 32, it pulls relatively to the silicon 
substrate 1 side with a large coefficient of thermal expansion, and sexual stress occurs. 
[0154] About the SON substrate which does not form the silicon oxide 32 created for the 
comparison, when the internal stress in the SON layer was measured similarly, the significant 
stress value was not seen. This shows that it is useful as an approach the structure acquired at 
the etching process for saving alternatively the thermal oxidation process for forming silicon 
oxide 32 and subsequent silicon oxide in a cavity 5 and a trench 10 forms a stress place in the 
interior of the SON layer 33 intentionally. 

[0155] Furthermore, since the SON substrate of this operation gestalt is not performing 
embedding different-species presentation layers, such as a SiGe layer, the problem of generating 
of the crystal defect by grid distortion does not arise theoretically. 

[0156] Furthermore, even if it compared the SON substrate of this operation gestalt with the 
conventional oxide-film embedding substrate (SOI substrate), it was found out that it is 
advantageous structure. Since an oxide film exists under a SOI layer even if it is the 
conventional SOI substrate, the same effectiveness as the SON substrate of this operation 
gestalt is theoretically expectable. 

[0157] However, since the oxide film is too thin compared with a SOI layer in the case of the 
conventional SOI substrate, since an oxide film is 1 micrometer or less and a SOI layer is 1mm, 
big stress cannot be generated in a SOI layer with an oxide film, for example. 
[0158] On the other hand, since the thickness of the SON layer 33 equivalent to the SOI layer of 
the conventional SOI substrate is 0.6 micrometers in the case of the SON substrate of this 
operation gestalt (i.e., since the SON layer 33 and silicon oxide 32 are comparable thinness), the 
SON layer 33 can be made to generate big stress. 

[0159] The sectional view of the MOS transistor which used and produced the SON substrate of 
this operation gestalt to drawing 24 is shown. When the mobility of this MOS transistor was 
measured, 35% of increment was seen compared with what was created on the bulk substrate 
usual [ conventional ]. Furthermore, mobility was high even if compared with the MOS transistor 
which created the inside of the MOS transistor formed on the SOI substrate, or a cavity on the 
SON substrate which has not oxidized. 

[0160] compared with it of the MOS transistor which the mobility of the MOS transistor formed 
on the SON substrate of this operation gestalt formed on the conventional SOI substrate, a high 
reason is based on the synergistic effect with the condition that parasitic capacitance has been 
further reduced rather than the SOI substrate conventional in a cavity 5 existing in the interior 
of a substrate, and realizable of having high stress in a SON layer by silicon oxide 32 — it thinks. 



[0161] In addition, although the trench 10 was formed with this operation gestalt after forming a 



cavity 5 in order to oxidize th^Wterior of a cavity 5, it is possible also byro approach shown in 
drawing 25 . By this approach, as first shown in drawing 22 (a), two or more trenches 4 and one 
trench 1 0 with it are formed in coincidence. [ the large and diameter of puncturing and ] [ deeper 
than it ] Then, heat treatment for changing two or more trenches 4 into a cavity is performed. 
However, since the upper part of the big trench 10 is not closed as shown in drawing 25 (b), the 
cavity of opening structure as shown in drawing 23 (c) will be formed. After this, it is the same 
as drawin g 23 (d) or subsequent ones. In addition, the layout of trenches 4 and 10 is not limited 
to the thing of drawing 22 (a), but can adopt various layouts. 

[0162] Moreover, although the silicon oxide 32 on a substrate front face was alternatively 
removed with this operation gestalt after forming silicon oxide 32 all over including a substrate 
front face in order to form silicon oxide 32 only in the inside of a cavity 5 and a trench 10 
alternatively, you may make it be the following. That is, after forming antioxidizing film, such as a 
silicon nitride, alternatively on a substrate front face, only a cavernous inside may be made to 
oxidize by oxidation treatment. 

[0163] Moreover, other film may be formed, although silicon oxide 32 was formed in the interior 
of cavernous 5 grade with this operation gestalt in order to generate a tensile stress in a SON 
layer. That is, it is available if it is the film (dissimilar-material film) formed with the ingredient 
with which single crystal silicon and a coefficient of thermal expansion are different. 
Furthermore, even if single crystal silicon and a coefficient of thermal expansion are the 
dissimilar-material film formed with the ingredient which is not greatly different, it is available if 
distortion can be produced in a semi-conductor film side. As long as it satisfies the above 
conditions, the film (stress generating film) formed in the interior of a cavity 5 may be an 
insulator layer or a metal membrane. 

[0164] Furthermore, this operation gestalt explained the case where the thickness of the SON 
layer 33 and silicon oxide 32 was almost the same. In order to enlarge the amount of distortion 
generated in the SON layer 33 by silicon oxide 32, the ratio of the thickness of the silicon oxide 
32 to the thickness of the SON layer 33 is so good that it is large. However, if this ratio is too 
large, a problem will arise in respect of substrate reinforcement. 

[0165] As for the relation with the thickness of the thickness of the semi-conductor layer of 
SON layer 33 grade, and dissimilar-material film, such as silicon oxide, the ratio of (thickness of 
semi-conductor layer)/(thickness of the thickness + dissimilar-material film of a semi-conductor 
layer) became that what is necessary is just the value of the range of 0.1 to 0.9 clear [ things ] 
from various experiments of this invention person etc. 

[0166] Moreover, with this operation gestalt, although silicon oxide 32 was formed in the whole 
wall of a cavity, as long as it can produce a tensile stress in the SON layer 33, the stress 
generating film of silicon oxide 32 grade may be formed in a part of cavity. 

[0167] (9th operation gestalt) This operation gestalt explains the SON substrate which can solve 
the trouble which has the same effectiveness as the silicon substrate (distortion substrate) by 
which the SiGe layer etc. was embedded directly under the channel, and the above-mentioned 
distortion substrate has. 

[0168] Drawing 26 is the sectional view showing the formation approach of the SON substrate 
concerning the 9th operation gestalt of this invention. 

[0169] First, as shown in drawing 26 (a), array formation of two or more trenches 4 is carried out 
on the front face of a silicon substrate 1 using the well-known lithography method and the well- 
known RIE method. 

[0170] Next, the whole surface is made to carry out epitaxial growth of the SiGe layer 41 with a 
thickness of 100nm which contains germanium 30% with an atomic number density ratio so that 
the inside of a trench 4 may be covered as shown in drawin g 26 (b). 

[0171] Next, as shown in drawin g 26 (c), the cavity 5 where SiGe layer (embedding SiGe layer) 
41a exists in the upper part, the lower part, and a flank is formed by making the front face of a 
silicon substrate 1 flow by 1050 degrees C in the inside of the vacuum of a ten to 7 Pa pressure, 
and heat treatment for 5 minutes. At this time, SiGe layer (residents SiGe layer) 41b is formed 
also in the front face of a silicon substrate 1. 

[0172] Next, after forming silicon oxide (un-illustrating) in a substrate front face by thermal 



oxidation and making high gerircmium concentration in embedding SiGe layfr 41a, above- 
mentioned silicon oxide and residents SiGe layer 41b is removed. Thereby, germanium 
presentation ratio of embedding SiGe layer 41a can be made high. 

[01 73] Finally, as shown in drawing 26 (d), the front face of a silicon substrate 1 is made to carry 
out epitaxial growth of the silicon layer 42 which does not contain germanium, and a SON 
substrate is completed. 

[01 74] Thus, the value was 80MPa(s) when the stress of the silicon substrate 1 on the cavity 5 
of the obtained SON substrate and the silicon layer 42 on it was measured. This result showed 
that it was effective to form embedding SiGe layer 41a in the interior of a substrate as an 
approach of generating stress intentionally, in the SON layer. 

[01 75] With this operation gestalt, after forming a trench 4, epitaxial growth of the SiGe layer 41 
was carried out, but a trench 4 may be formed after carrying out epitaxial growth of the SiGe 
layer 41 all over a substrate. In this case, after forming a trench 4, a substrate front face is 
made to flow by heat treatment, and a cavity 5 and embedding SiGe layer 41a are formed. 
[0176] Moreover, it is not necessarily required to form silicon oxide by thermal oxidation after a 
flow on the front face of a substrate, although it is an effective approach in order to raise 
germanium presentation ratio of embedding SiGe layer 41a. 

[01 77] Moreover, in order to form the SON layer which does not contain germanium, it is an 
effective approach, but forming the Si layer 42 with epitaxial growth after a flow on the front 
face of a substrate does not need to form the Si layer 42, if the need does not exist on device 
application. 

[01 78] The SON substrate of this operation gestalt has the following advantages compared with 
the substrate which has the conventional SiGe layer 41c shown in drawing 27 . 
[0179] With the conventional technique, in order that a defect might form high SiGe layer 41c of 
germanium presentation ratio few on a silicon substrate 1, the approach of changing germanium 
presentation of SiGe layer 41c from the condition that concentration is low in the direction of 
thickness continuously to a high condition by considering a silicon substrate 41 as seed (seed) 
was taken. Therefore, the thickness of SiGe layer 41c is set to about hundreds of nm. That is, it 
is necessary to form the SiGe layer 42 thickly. 

[0180] On the other hand, with this operation gestalt, since SiGe layer 41a equivalent to the 
conventional SiGe layer 41c is formed by the surface migration of Si and SiGe ( drawing 26 (c)), 
a defect is not produced in SiGe layer 41a on a cavity 5. Therefore, it is not necessary to form 
SiGe layer 41a thickly, and the thickness can be made thin to dozens of nm. This situation is 
shown in drawing 28 . Many defects occur in the silicon substrate 1 in the field 43 where the 
cavity 5 is not formed downward, and the silicon layer 42, and defect density becomes high. Into 
the silicon substrate 1 in the field 44 where the cavity 5 was formed in the bottom which is the 
field which creates a component on the other hand, and the silicon layer 42, a defect does not 
occur at all substantially but defect density becomes low enough. 

[0181] Although SiGe was used as an ingredient of the dissimilar-material film (SiGe layer 41a) 
with this operation gestalt, it is possible to use other different ingredients from a substrate 
ingredient (Si) like the 8th operation gestalt. 

[0182] Furthermore, like the 8th operation gestalt, when the ratio of (thickness of semi- 
conductor layer)/(thickness of the thickness + dissimilar-material film of a semi-conductor layer) 
was the value of the range of 0.1 to 0.9, as for the relation with the thickness of the thickness of 
the semi-conductor layer of Si layer 42 grade, and the dissimilar-material film of SiGe layer 41 
grade, it was checked that effectiveness of this invention is realized. As long as it can produce a 
tensile stress in a SON layer, the SiGe layer 41 may be formed in a part of cavity further again. 
[0183] (10th operation gestalt) This operation gestalt explains the example which applied the 
ESS technique of this invention to production of a photograph nick crystal. 

[0184] A photograph nick crystal can be formed by forming periodically the ingredient with which 
refractive indexes differ. The photograph nick crystal attracts attention as a new optical material 
for realizing a micro optical integrated circuit. 

[0185] Moreover, from the ability of a photograph nick crystal to be formed on silicon, the 
problem on old mounting can be avoided and implementation of the future optoelectronic 



integrated circuit united with ^^^re CMOS process is expected. 

[0186] Although mostly proposed as the production approach of a photograph nick crystal until 
now, the manufacture approach was difficult for especially the photograph nick crystal of a three 
dimension. Moreover, although the combination of an ingredient with the large difference of a 
refractive index is desirable, for example, the combination of silicon and air is ideal, the formation 
approach is made very difficult. 

[0187] The mimetic diagram of the three-dimension period structure (photograph nick crystal) 
concerning the 10th operation gestalt of this invention which can solve the above-mentioned 
problem to drawing 29 is shown. In drawing, 51 shows the silicon substrate and the globular form 
cavity 52 (the color is deeply shown in order to the depth direction) of the same size is 
periodically arranged in three dimension in this silicon substrate 51. 

[0188] Next, the manufacture approach of the three-dimension period structure of this operation 
gestalt is explained using drawing 30 . 

[0189] First, as shown in drawing 30 (a) -30(c), the mask pattern (un-illustrating) which consists 
of an oxide film etc. is formed on a silicon substrate 51, a silicon substrate 51 is etched by the 
reactive-ion-etching method, array formation of the trench 52 of the same diameter of 
puncturing is carried out [ this mask pattern is used as a mask, ] two-dimensional in the same 
depth, and that account mask pattern of Gokami is removed. 

[0190] next, drawing 30 (d) - as shown in 30 (f), two or more globular form cavities (ESS) 53 
where size was equal to the silicon substrate 51 in which the trench 52 was formed in the silicon 
substrate 51 by performing heat treatment under an elevated temperature and reduced pressure 
in the ambient atmosphere of a non-oxidizing quality form the cavernous pattern arranged 
periodically. The cavernous pattern with which the cavity was arranged at equal intervals on the 
same line about the depth direction of a substrate, and the cavity was specifically arranged in 
the shape of a grid about the inside of the same flat surface in a substrate is formed. 
[0191] Heat treatment for forming a cavity 53 is for causing the surface migration of silicon. 
Therefore, it is desirable to remove completely the natural oxidation film on the front face of a 
substrate before the above-mentioned heat treatment. In order to fully remove the natural 
oxidation film, it is effective to maintain the ambient atmosphere of heat treatment at a non- 
oxidizing quality. In order to realize this easily, it is desirable to make the ambient atmosphere of 
heat treatment into the ambient atmosphere of 1 00% of hydrogen. Moreover, in order to promote 
the surface migration of silicon, it is desirable to perform heat treatment by the pressure of 10 
or less Torrs. As typical heat treatment conditions, 1 100 degrees C and a pressure are raised for 
a hydrogen ambient atmosphere and temperature 100%, and 10min is raised [ an ambient 
atmosphere ] for 10TorKs) and time amount. 

[0192] Here, although the case where it heat-treated after removing a mask pattern was shown, 
you may heat-treat, without removing a mask pattern. However, it is necessary to remove a 
mask pattern after heat treatment in this case, to heat-treat again, and to carry out flattening of 
the substrate front face. 

[0193] The three-dimension period structure of this operation gestalt serves as a photograph 
nick crystal which has a forbidden band to light in order to arrange periodically the ingredient 
(silicon / cavity, i.e., air) with which refractive indexes differ. The scale of all (the 
period/wavelength of a cavity 5) the wavelength dependencies that are one of the photograph 
nick crystal characteristics is carried out. Therefore, the photograph nick crystal which operates 
on desired wavelength can be created by [ which responded the period of a cavity 5 to operating 
wavelength ] carrying out a basis. 

[0194] Changing the magnitude and the depth of a path of a trench 52 about the period of the 
depth direction as a concrete approach of controlling the period of a cavity 5 is raised. Changing 
the period of the array of a trench 52 about the period of a direction perpendicular to the depth 
direction on the other hand is raised. 

[0195] As stated above, according to this operation gestalt, the three-dimension period 
structure which the big ingredient (silicon: 3.6/air : 1) of a refractive-index difference comes to 
combine is easily realizable by using the surface migration of silicon. This three-dimension period 
structure operates as a photograph nick crystal which can control light. Therefore, the three- 



dimension period structure of^ms operation gestalt can be operated as dpffcal elements, such as 
optical waveguide, a polarizer, and prism. 

[0196] Furthermore, according to the above-mentioned approach, the period of a cavity 5 can be 
set to about 1 micrometer or less. That is, a detailed optical element can be formed into a silicon 
substrate. It enables this to produce easily the photoelectron circuit with which the optical 
element and the CMOS process were united. 

[0197] (11th operation gestalt) Drawin g 31 is the mimetic diagram of the three-dimension period 
structure (photograph nick crystal) concerning the 1 1th operation gestalt of this invention. The 
point that this operation gestalt differs from the 10th operation gestalt has 53s of cavities and 
53I. of cavities where sizes (diameter) differ in a silicon substrate 51 in having arranged 
periodically. 

[0198] About the depth direction of a substrate, two or more globular form 53s of cavities and 
53I. (the color is deeply shown in order to the depth direction) of cavities of the same size is 
arranged at equal intervals on the same line, respectively, and, specifically, 53s of cavities and 
53I. of cavities where sizes differ about the inside of the same flat surface in a substrate are 
arranged in the shape of a grid, respectively. 

[0199] Next, the manufacture approach of the three-dimension period structure of this operation 
gestalt is explained using drawing 32 . 

[0200] First, as shown in drawing 32 (a) -32(c), the mask pattern (un-illustrating) which consists 
of an oxide film etc. is formed on a silicon substrate 51, this mask pattern is used as a mask and 
array formation of the trench 52s and trench 52I. from which a silicon substrate 51 is etched by 
the reactive-ion-etching method, and the diameter of puncturing differs mutually in the same 
depth is carried out at the shape of a grid. Then, the above-mentioned mask pattern is removed. 
[0201] By next, the thing for which heat treatment under an elevated temperature and reduced 
pressure in the ambient atmosphere of a non-oxidizing quality is performed to the silicon 
substrate 51 in which trench 52s and trench 52I. was formed as shown in drawing 32 (d) -32(f) 
Spherical 53s of cavities and 53I. of cavities which had complete set of size in the depth 
direction in the silicon substrate 51 arranges periodically, and different 53s of cavities and 53I. of 
cavities of size form the cavernous pattern arranged periodically by turns in the direction 
perpendicular to the depth direction. In addition, as the 10th operation gestalt described, you 
may heat-treat, without removing a mask pattern. 

[0202] Thus, it can consider that the silicon substrate 51 which has the obtained cavernous 
pattern is the photograph nick crystal which can control light like the 10th operation gestalt, and 
it can be operated as an optical element. 

[0203] The period of a cavity, i.e., operating wavelength, is controllable also by this operation 
gestalt by the same approach as the 10th operation gestalt. Since the cavities 52s and 52I. 
where sizes differ are furthermore used according to the operation gestalt, operating wavelength 
is more controllable to a large area by using the difference in the size. 

[0204] In the 10th and 1 1th operation gestalten, when Cavities 52, 52s, and 52I. are formed by 
heat treatment in the ambient atmosphere containing hydrogen, hydrogen remains in these 
interior. Furthermore, according to this invention person's etc. research, it checked that Cavities 
52, 52s, and 521. consisted of polyhedrons which were able to take the angle. Polyhedrons which 
have predetermined field bearing were consisted of more by accuracy. 
[0205] Furthermore, by having investigated the field whose field bearing of the field which 
constitutes a polyhedron is the principal plane of a silicon substrate (100), and the include angle 
to make showed the following things. That is, it became clear that the field which constitutes a 
polyhedron consists of {100} plane groups, {110} plane groups, {111} plane groups, {311} plane 
groups, {531} plane groups, and {541} plane groups. Since these plane groups have low surface 
energy, the above-mentioned cavity can be thermally referred to as stable. 
[0206] (12th operation gestalt) Here, it applies to the operation gestalt which applied the ESS 
technique of this invention to the optical integrated circuit, especially optical waveguide, and an 
operation gestalt is explained. 

[0207] In an opticaHntegrated-circuit technique, light corpuscle children, such as an optical 
passive element and a light emitting device, are formed on semi-conductor substrates, such as 



Si substrate or a GaAs substi^ra, and optical waveguide is formed consideWng a quartz (Si02) as 
a principal component apart from a light corpuscle child. Therefore, it will be necessary to make 
light spread all over a semiconductor region inevitably in the connection of optical waveguide and 
a light corpuscle child. 

[0208] As one of the approaches which makes light spread all over a semiconductor region, the 
direction of Si is Si02. There is a method of using that a refractive index is large. This approach 
is setting to about several times as much about 5 micrometers or less as the wavelength of the 
above-mentioned light the path of the optical waveguide formed by Si, and carrying out total 
reflection of the light by the interface (Si/Si02 interface) of optical waveguide and Si field of 
that perimeter, and shuts up light all over Si field. 

[0209] In the optical waveguide which uses Si as a principal component, in order [ the ] to shut 
up and to raise a sex, as the refractive index of the matter of the perimeter is low to Si, it is 
more desirable. The refractive index of Si is Si02 to being 3.4. A refractive index is 1 .5. 
[0210] Si02 If it is called the medium which has a low refractive index, naturally it will be a 
vacuum (refractive index = 1). It will be made realistic not through a vacuum but through air. The 
implementation is difficult although it is possible to use for example, a SOI substrate as an 
approach of making air the perimeter of Si field used as optical waveguide. 

[021 1] The pattern which has the top face and side face which the reason is etching Si field of a 
SOI substrate, and Si exposed is Si02 of a SOI substrate, although it can form easily. A field is 
etched and it is Si02 under the above-mentioned pattern. It is because it is difficult to remove 
only a field alternatively. 

[0212] Drawing 33 is the perspective view showing the optical waveguide concerning the 12th 
operation gestalt of this invention. In drawing, 61 shows the silicon substrate of the single crystal 
which has field (100) bearing, and the Si pattern 62 whose perimeter of a top face, a side face, 
and a base is air is formed in this silicon substrate 61. 

[0213] The air of the Si pattern 62 and its perimeter constitutes optical waveguide. The 
wavelength of 1.4 micrometers spreads in this optical waveguide. In an actual optical circuit, the 
end of the Si pattern 62 is connected with the light-emitting part of the optoelectronic device 
which is not illustrated, and the other end is connected with the light sensing portion of the 
optoelectronic device which is not illustrated. 

[0214] Such optical waveguide can be easily formed using the ESS technique expressed until 
now. First, two or more trenches are formed in the front face of a silicon substrate 61 using the 
well-known lithography method and the RIE method. Next, by hot heat treatment in reducing 
atmosphere, the surface migration of silicon is caused and the cavity (ESS) of a large area is 
formed in a silicon substrate 61. And the part which is not used as an Si pattern 62 among the 
silicon fields on the cavity of a silicon substrate (SON layer) is alternatively removed using the 
well-known lithography method and the RIE method. 

[0215] The perspective view of the optical waveguide using the conventional SOI substrate is 
shown in drawin g 34 . drawing — setting — 61 — a silicon substrate and 63 — Si02 A layer and 
64 show Si pattern which processed and formed the silicon substrate. Although the perimeter of 
the top face of the conventional Si pattern 64 and a side face is air like the Si pattern 62 of this 
invention, bases differ in the Si pattern 62 of this invention, and it is Si02. It is a layer 63. Si02 
A refractive index (= 1.5) is large compared with the refractive index (= 1.0) of air. 
[0216] Therefore, the quantity of light of optical waveguide of this invention shown in drawin g 33 
which leaks and comes out outside compared with the conventional optical waveguide shown in 
drawin g 34 decreases overwhelmingly, and it can be said that it is a thing with the property 
(optical confinement property) which was excellent as optical waveguide. 
[0217] As stated above, optical waveguide which has a good optical confinement property 
according to this operation gestalt can be realized, and it becomes possible to realize an optical 
integrated circuit with little optical loss as the result. 

[0218] (13th operation gestalt) Passive elements, such as an inductor and a capacitor, are 
formed on a semi-conductor substrate like active elements, such as a transistor. The parasitic 
capacitance between a passive element and a semi-conductor substrate and parasitism 
resistance (eddy current loss: eddy-current loss) are strong. 



[0219] Therefore, if the frequ^^ty of the signal with which the conventionWnductor and a 
capacitor flow to it turns into high frequency of 1GHz or more, the following problems will arise. 
That is, the problem that Q value becomes low about an inductor and it becomes difficult to 
obtain highly precise capacitance about a capacitor arises. 

[0220] This invention forms a passive element on the silicon substrate on a plate-like cavity, 
using the silicon substrate which has a plate-like cavity as a semi-conductor substrate, in order 
to solve the above-mentioned problem. With such a configuration, parasitic capacitance between 
a passive element and a semi-conductor substrate and parasitism resistance can be effectively 
made small, and the problem mentioned above can be solved. 

[0221] The top view and sectional view of a semiconductor device which have the inductor 
which applied this invention to drawing 35 are shown. Moreover, the sectional view of the 
semiconductor device which has the MIM capacitor which applied this invention to drawing 36 is 
shown. In a spiral inductor and 73, setting to drawing, a metal electrode and 74 show an insulator 
layer and 75 shows [ a cavity (ESS) plate-like / 70 / in a silicon substrate and 71 and 72 ] the 
metal electrode, respectively. Both an inductor and a capacitor may be formed on a silicon 
substrate 70. 

[0222] The formation approach of a silicon substrate 70 of having the plate-like cavity 71 may 
use which formation approach of the operation gestalt mentioned above, after forming such a 
silicon substrate 70 — as usual — alike — passive elements, such as an inductor, — an active 
element and wiring layers, such as a transistor, are formed further. The reason for forming a 
passive element etc. after formation of a cavity 71 is that an elevated temperature needs to be 
heat-treated for formation of a cavity 71. 

[0223] (14th operation gestalt) The densification of a device or a module and advanced features 
are progressing in the field of a semi-conductor in recent years. The calorific value of a device 
etc. increases with such densification and advanced features, and heat dissipation is becoming 
very difficult. 

[0224] As one of the conventional heat dissipation approaches, a radiation ftn is attached in a 
device or a package, the heat from a device etc. is told to a fin by heat conduction, and the 
approach of missing heat in air by heat conduction from a fin is learned. However, if calorific 
value increases as mentioned above, sufficient heat dissipation effectiveness will be acquired 
and will be lost. Then, heat dissipation by a miniaturization and forced-air cooling (fan) of the 
whole device has become in use in recent years. However, it is becoming difficult to still acquire 
the required heat dissipation effectiveness. 

[0225] In mainframes, such as a supercomputer, cooling by refrigerants, such as liquid nitrogen 
or chlorofluocarbon, is in use. Applying this cooling approach to a semiconductor device etc. is 
also considered. However, the problem of a terminal, wiring, etc. corroding arises with the 
impurity which exists in the above-mentioned refrigerant. 

[0226] In order to solve the above-mentioned problem, the silicon substrate containing two or 
more cooling pipes for pouring a refrigerant as a semi-conductor substrate is used for this 
invention. Since with such a configuration a silicon substrate can be effectively cooled even if 
the calorific value of the device accompanying densification and advanced features etc. 
increases by pouring a refrigerant to a cooling pipe, the problem of heat dissipation can be 
solved. Furthermore, since a refrigerant flows the interior of a substrate where a terminal etc. 
does not exist, the problem of corrosion does not arise. 

[0227] The perspective view of a silicon substrate which has the cooling pipe (cooling structure) 
applied to the 14th operation gestalt of this invention at drawin g 37 is shown. In drawing, 81 
shows a silicon substrate and 82 shows the cooling pipe, respectively. In addition, in case a 
silicon substrate is cooled, the refrigerant feeder style which is not illustrated is prepared. 
[0228] Next, the manufacture approach of the semiconductor device using the silicon substrate 
which has the cooling pipe of this operation gestalt is explained using drawing 38 . 
[0229] First, the Si wafer 83 is prepared. In drawing, 84 shows the scribe line. 
[0230] Next, using the ESS technique of this invention, two or more plate-like cavities (hollow 
structure) 85 are formed so that it may intersect perpendicularly to the scribe line 84. The 
formation approach of the plate-like cavity 85 may use which formation approach of the 



operation gestalt mentioned . Preferably, the pattern of two or mor^^^nches is designed 

so that the cylinder-like cavity 85 may be formed. 

[0231] Then, a required component, wiring, etc. are formed on the silicon field on the cavity 85 of 
Si wafer according to the well-known approach, and two or more semiconductor devices (un- 
illustrating) which have a desired function are formed in the Si wafer 83. 

[0232] Finally, it cuts by the approach of common knowledge of Si wafer along the scribe line 84, 
and two or more chips are picked out from one Si wafer 83. Since a cavity 85 is cut at this time, 
a cooling pipe is completed to coincidence. 

[0233] (15th operation gestalt) This operation gestalt explains the technique which prevents 
crushing of different plate-like ESS from the 6th and 7th operation gestalt. The main point of 
this operation gestalt is to form Si column for preventing crushing in the interior of a cavernous 
field. Such an Si column can be formed by the following approaches. 
[0234] First, the mask material which consists of an oxide film etc. is formed on a silicon 
substrate, and a photoresist pattern is formed on it. What was explained with the 1 st operation 
gestalt, and the same thing of mask material are usable. 

[0235] Next, patterning of the mask material is carried out by anisotropic etching, for example, 
RIE, by using a photoresist pattern as a mask, and the pattern of a photoresist pattern is 
imprinted to mask material. 

[0236] Next, after carbonizing a photoresist pattern and exfoliating, patterning of the silicon 
substrate is carried out by anisotropic etching, for example, RIE, by using as a mask the mask 
material by which patterning was carried out, and array formation of two or more trenches is 
carried out two-dimensional on the front face of a silicon substrate. Here, a trench 4 is not 
formed in the field which forms Si column as shown in drawin g 39 (a). 

[0237] Although the example which removed one trench was shown in drawing, two or more 
trenches may be removed. The magnitude of Si column is changeable with the number of the 
trenches to remove. 

[0238] While forming one plate-like cavity 5 in the interior of a silicon substrate 1 finally by 
performing elevated-temperature annealing in the reducing atmosphere under reduced pressure 
as shown in drawing 39 (b) after removing the mask material 2, two Si columns 1p is formed in 
the interior of a cavity 5. 

[0239] Next, in order to prevent crushing of ESS, arrangement of effective Si column is 
explained. Si column is prepared in order for the differential pressure of the external pressure of 
the cavity 5 after the time of formation of a cavity 5 or formation and the internal pressure of a 
cavity 5 to protect that a cavity 5 is crushed. 

[0240] Then, it was tried to investigate thickness t (= 0.1 micrometers, 1 micrometer) of the 
silicon substrate on a cavity 5 (henceforth a silicon layer), and relation with the amount delta of 
bending of a silicon layer. The result is shown in drawing 40 . Regardless of the width of face of a 
cavity, the way when a silicon layer is thin bends, and drawing shows that an amount delta is 
large. 

[0241] What is necessary is just to set width of face W of a cavity 5 to 5 micrometers or less, 
when the thickness of a silicon layer is 0.1 micrometers in order to make the amount delta of 
bending small for example. The amount delta of bending in this case serves as magnitude without 
the problem of 0.02 micrometers or less. 

[0242] In order to estimate the spacing to be accuracy more, the bending formula of a silicon 
layer was used and it investigated at intervals of how much Si column should have been arranged 
to the thickness of a silicon layer. When the amount delta of bending was below one half of the 
thickness of a silicon layer, the fact that big it was not influenced showed that ESS could be 
formed satisfactory in arranging Si column so that the inequality (3) about the width of face w of 
the thickness of the following silicon layer might be filled. 
[0243] 

w<=t 1/4 (E/0.0568P) (3) Here, the load (pressure) (N/micrometer2) which E requires for the 
Young's modulus (= 0.13 (N/micrometer2)) of silicon, and P requires for a silicon layer is shown. 
[0244] It will be set to 6.9 micrometers or less, if it asks for spacing of Si column required in 
order to prevent crushing of ESS based on (1) type when the thickness of a silicon layer is 0.1 



micrometers. 

[0245] As stated above, even if a silicon layer is thin, crushing of a cavity 5 by the differential 
pressure of the external pressure of a cavity 5 and the internal pressure of a cavity 5 can be 
effectively controlled by forming Si column 1p in a cavity 5. Thereby, the SON substrate which 
has the cavity 5 of a large area more can be realized now. Furthermore, the degree of freedom of 
a design of a SON substrate becomes high. 

[0246] this invention person etc. estimated the amount of bending of a silicon layer about the 
SON substrate which has the plate-like cavity 5 where the configuration seen from the top is 
circular, as shown in drawin g 41 . 

[0247] In this case, the greatest bending is produced at the core of a circle and the amount 

delta of bending of a silicon layer is given by the degree type (4). 

[0248] 

delta= 0.0108Pa4/(Et3) (4) 

Here, a shows a diameter (micrometer) and t shows the thickness (micrometer) of a silicon layer. 

[0249] The configuration where the amount of bending of the silicon layer of the SON substrate 
shown in drawing 41 was seen from the top compares with it of a SON substrate which has the 
plate-like cavity which is a rectangle. 

[0250] The amount of the maximum bending in the case of the disk as the die length of a 
rectangular shorter side with the same diameter is 3/8 time the amount of the maximum bending 
in the case of a rectangle. That is, if the diameter is increased 1.27 times when circular, bending 
of the same magnitude as the case of a rectangle will arise. However, since the amount of the 
maximum bending does not increase even if it enlarges the die length of a long side in the case 
of a rectangle, the way of a rectangle can form the cavity of a large area more. 
[0251] (16th operation gestalt) Drawing 42 is drawing showing the pressure sensor concerning 
the 1 6th operation gestalt of this invention. 

[0252] A principal plane among drawing the n mold SON substrate of {100}, and 92 for 91 The 
cavity of the shape of a rectangle in the n mold SON substrate 91, 931-934 p mold diffusion 
layer as gage resistance which was formed in the substrate front face on the periphery of a 
cavity 92 and which constitutes a bridge circuit, and 94 are p+ of high high impurity 
concentration formed in the substrate front face as wiring. A mold diffusion layer and 95 show 
metal wiring which consists of metals, such as aluminum, respectively. The metal wiring 95 minds 
the connection hole by which opening was carried out to the insulator layer which was formed on 
the n mold SON substrate 91, and which is not illustrated, and is p+. It has connected with the 
mold diffusion layer 94. 

[0253] The pressure sensor of this operation gestalt is the diaphragm-type semi-conductor 
pressure sensor which used that the SON substrate 91 (silicon layer) on a cavity 92 bent by the 
differential pressure of an atmospheric pressure and the internal pressure of a cavity 92 outside 
the cavity 92. When a silicon layer bends by differential pressure, it is p mold diffusion layer 931- 
934 by the piezoresistance condenser. The value of resistance (gage resistance) changes. This 
resistance value change is detectable as an electrical signal with a bridge circuit. It enables this 
to measure the pressure concerning a silicon layer. 

[0254] Since a cavity 92 is a vacuum, the pressure measured serves as absolute pressure. What 
is necessary is just to form the opening 96 connected with a cavity 92 in the rear face of the n 
mold SON substrate 91, as shown in drawing 43 when the pressure concerning a silicon layer is 
measured on the basis of atmospheric pressure. 

[0255] The degree of bending of a silicon layer is changeable with the thickness of a silicon layer, 
and its size. Therefore, the pressure range which can measure the pressure sensor of this 
operation gestalt is controllable by the thickness of a silicon layer, and its size. Therefore, the 
pressure sensor which can measure a desired pressure range is realizable by choosing the 
thickness of a silicon layer, and its size suitably. 

[0256] The pressure sensor applied to a modification at drawing 44 is shown. A principal plane 
produces this pressure sensor using n mold substrate 91 of {1 10}. The variation of resistance 
according to a piezoresistance condenser but with the same amount of bending of silicon differs 



[ a principal plane / a principa^^ne ] from the SON substrate of {100} b^^^e anisotropy with 
the SON substrate of {1 10}. The pressure sensor shown in drawing 43 is p mold diffusion layer 
931-934 so that sensibility (the amount of resistance value changes by the piezoresistance 
condenser) may become large. A pattern is chosen. The pressure sensor corresponding to 
drawin g 43 is shown in drawing 45 . 

[0257] In addition, this invention is not limited to the above-mentioned operation gestalt. For 
example, although the above-mentioned operation gestalt explained the case where a silicon 
substrate was used, this invention is effective also to other semi-conductor substrates, such as 
a silicon germanium substrate. That is, according to this invention, the thing which is not limited 
to silicon and which offer reliable SOI (Semiconductor Onlnsulator) structure becomes it is 
cheap and possible. 

[0258] Moreover, although two or more trenches 2 which carried out array formation two- 
dimensional were changed into one plate-like cavity by heat treatment with the above- 
mentioned operation gestalt, the same operation effectiveness is acquired also by changing into 
one plate-like cavity the trench of the shape of two or more stripe which carried out array 
formation in one dimension by heat treatment. 

[0259] Moreover, much more improvement in the speed and power-saving are realizable by 
introducing Cu wiring in addition to the SOI structure of this invention. 

[0260] Furthermore, although the above-mentioned operation gestalt showed the early trench 4 
about the case where the trench of the straight-way type of the same size as the depth 
direction is formed, the bottle shape trench which has the vena contracta in the depth direction 
may be formed. That is, the trench characterized by there being no flat surface which has the 
minimum cross-sectional area to the depth direction of a trench at the bottom of a trench may 
be formed. Even if it forms the trench of such a configuration, a plate-like cavity can be 
effectively formed like the case where a trench 4 is used. 

[0261] Furthermore, invention of various phases is included in the above-mentioned operation 
gestalt, and various invention may be extracted by the proper combination in two or more 
requirements for a configuration indicated. For example, even if some requirements for a 
configuration are deleted from all the requirements for a configuration shown in an operation 
gestalt, when Object of the Invention is solvable, the configuration from which this requirement 
for a configuration was deleted may be extracted as invention. In addition, in the range which 
does not deviate from the summary of this invention, it deforms variously and can carry out. 
[0262] 

[Effect of the Invention] As explained in full detail above, according to this invention, the semi- 
conductor substrate which has the same effectiveness as SOI structure, without causing the 
rise of cost and the fall of dependability can be realized now. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The process sectional view showing the formation approach of the plate-like cavity 
concerning the 1 st operation gestalt of this invention 

[Drawing 2] The sectional view for explaining the example from which form status change-ization 
to one plate-like cavity from two or more slots does not arise 

[Drawing 3] The top view of the plate-like cavity formed from the sample layout of a slot and it 
which showed drawin g 1 

[Drawing 4] The sectional view showing the example which applied this invention to 
DRAM/LOGIC mixed loading 

[Drawing 5] The process sectional view showing the first half of the manufacture approach of 
the MOS transistor concerning the 2nd operation gestalt of this invention 

[Drawing 6 ] The process sectional view showing half the inside of the manufacture approach of 
the MOS transistor concerning the 2nd operation gestalt of this invention 

[ Drawing 7] The process sectional view showing the second half of the manufacture approach of 
the MOS transistor concerning the 2nd operation gestalt of this invention 
[ Drawin g 8] The process sectional view showing the manufacture approach of the MOS 
transistor concerning the 3rd operation gestalt of this invention 

[Drawing 9] The sectional view showing the MOS transistor concerning the 3rd operation gestalt 
of this invention 

[Drawing 10] The process sectional view showing the first half of the manufacture approach of 
the MOS transistor concerning the 4th operation gestalt of this invention 

[ Drawing 1 1 ] The process sectional view showing the second half of the manufacture approach 
of the MOS transistor concerning the 4th operation gestalt of this invention 

[ Drawing 12 ] The top view of the plate-like cavity formed from the sample layout of a slot and it 
which showed drawing 10 

[Drawing 13] The sectional view showing the MOS transistor concerning the 4th operation 
gestalt of this invention 

[Drawing 14 ] The sectional view for explaining the point that the formation approach of the SON 
substrate explained in the 1st - the 4th example should be improved 
[ Drawin g 1 5 ] The sectional view showing the formation approach of the SON substrate 
concerning the 5th example of this invention 

[ Drawin g 1 6 ] Drawing for explaining relation with the cavity obtained to an early trench 
configuration and it 

[Drawing 17] Drawing for explaining the number of the cavity obtained to an early trench 
configuration 

[ Drawing 18 ] The microphotography in which it is shown that plate-like ESS will be crushed if 
ESS width of face becomes large 

[ Drawin g 19 ] The model of ESS structure used in order to calculate the reinforcement of ESS 
structure 

[ Drawin g 20] Drawing showing the relation of the plate width of face and bending which were 
calculated about the ESS structure where the thickness of a silicon layer differs (0.1 



micrometers, 1 micrometer) 

[Drawing 21 ] Drawing showing the sequence of heat treatment effective in forming ESS of a 
large area 

[Drawing 22 ] Drawing in which bending with the thickness of the SON layer for which it asked by 
count, and showing relation with an amount 

[ Drawin g 23 ] The sectional view showing the formation approach of the SON substrate 
concerning the 8th example of this invention 

[ Drawin g 24 ] The sectional view of the MOS transistor produced using the SON substrate 
[ Drawin g 25 ] The sectional view for explaining the modification of the formation approach of the 
SON substrate of the 8th example 

[Drawing 26] The sectional view showing the formation approach of the SON substrate 
concerning the 9th example of this invention 

[Drawing 27] The sectional view showing the substrate which has the conventional SiGe layer 
[ Drawing 28 ] The sectional view showing the SON substrate concerning the 9th example of this 
invention 

[Drawing 29] The mimetic diagram of the three-dimension period structure concerning the 10th 
example of this invention 

[Drawing 30] The sectional view for explaining the manufacture approach of the three-dimension 
period structure of drawing 29 

[Drawing 31] The mimetic diagram of the three-dimension period structure concerning the 1 1th 
example of this invention 

[Drawing 32] The sectional view for explaining the manufacture approach of the three-dimension 
period structure of drawing 31 

[Drawing 33] The perspective view showing the optical waveguide concerning the 12th example 
of this invention 

[Drawing 34] The perspective view showing the conventional optical waveguide 

[Drawing 35] The top view and sectional view of a semiconductor device which have an inductor 

concerning the 13th example of this invention 

[Drawing 36] The sectional view of the semiconductor device which has a capacitor concerning 
the 13th example of this invention 

[Drawin g 37] The perspective view of a silicon substrate which has a cooling pipe concerning the 
14th example of this invention 

[ Drawing 38 ] The top view of the silicon substrate which has a cooling pipe concerning the 14th 
example 

[Drawing 39] The sectional view showing the formation approach of the SON substrate 
concerning the 15th example of this invention 

[ Drawing 40] Drawing showing the result of having bent with the thickness and having 
investigated relation with an amount delta about the silicon substrate on ESS 
[ Drawing 41 ] Drawing showing the SON substrate which has the plate-like cavity where the 
configuration seen from the top is circular 

[ Drawing 42 ] Drawing showing the pressure sensor concerning the 16th example of this invention 

[Drawing 43] Drawing showing the modification of the pressure sensor concerning this example 
[Drawing 44 ] Drawing showing other modifications of the pressure sensor concerning this 
example 

[ Drawin g 45 ] Drawing showing still more nearly another modification of the pressure sensor 
concerning this example 
[Description of Notations] 

1 — Silicon substrate 

2 — Mask material 

3 — Photoresist pattern 

4 — Slot (the 1 st slot) 

5 — Plate-like cavity 

5' — Cavity which has not been closed 



6 — Spherical cavity 

7 — Silicon oxide 

8 — Silicon nitride 

9 — Photoresist pattern 

10 — Slot (the 2nd slot) 

1 1 — Silicon thermal oxidation film 

12 — Silicon oxide 

1 3 — Photoresist pattern 

14 — Isolation slot 

15 — Silicon thermal oxidation film 

16 — Silicon oxide 

1 7 — Gate oxide 

1 8 — Gate electrode 

1 9 20 — Extension 

21 — Gate side-attachment-wall insulator layer 

22 — Source diffusion layer 

23 — Drain layer 

24 — Silicon thermal oxidation film 

25 — Silicon nitride 

26 27 — Photoresist pattern 

28 — Slot (the 3rd slot) 

29 — Silicon oxide 

30 — Silicon nitride 

31 — Photoresist pattern 

32 — Silicon oxide 

33 — SON layer 

41 — SiGe layer 

42 — Silicon layer 

43 — Si field where the cavity 5 is not formed downward 

44 — Si field where the cavity 5 is formed downward 

51 — Silicon substrate 

52 — Trench 

53 — Spherical cavity 

61 — Silicon substrate 

62 — Si pattern 

63 — Si02 Layer 

64 — Si pattern 

70 — Silicon substrate 

71 — Plate-like cavity 

72 — Spiral inductor 

73 — Metal electrode 

74 — Insulator layer 

75 — Metal electrode 

81 — Silicon substrate 

82 — Cooling pipe 

83 — Si wafer 

84 — Scribe line 

85 — Plate-like cavity (hollow structure) 

91 — SON substrate 

92 — Rectangle-like cavity 

931 - 934 — P Mold Diffusion Layer (Gage Resistance) 

94 — p+ Mold diffusion layer (wiring) 

95 — Metal wiring 

96 — Opening 
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(74)ftJHA 
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(54) 4MfW*SStf3,ktf*-<Dieg;&ifc 



(57) [g&j] 

mm] =i*h©.fc#K\ fflRtt(OlSTtfi*1'KSO 

. i*a*0ja^-4ci. 

7ttmcmmmutc&. ^ <; n >s« i ecjiM&afett-r 

AS. 



(a) 



(b) 



<c) 



«0 



(e) 



p^kg &&s s &g as sa& 



3 



r 



4 j~1 




(2) 



1 

[ hi#b 4 ] sir ei&a a^rix . o'bm i a** io 

#St5©«)$7E* i »J|& S¥£#7C3&*£tf ¥S!W*Ig 
©-7Tc*sc i£#^iTSfi*^3&CfBig©¥iI<*: 

[rt*^5 3 iria^^)S±o«(na^#s«<DW3 

#*B£1R© S ) ©it# o . i «± o . 9 wit* -s c 
i £#mi -r * w^ji 3 tcsm<D¥m&mwio 

•5tt^#a-r^»ci*#mi^^,^fta«„ 20 
6^ & at »swe¥*fl*6 a twas £©ihj 

(N/jum 1 ) iU/cJ#^{C. w^t (E/0. 056 

8P) 1 '*©*#*}«&* ct*^i-rsii5j»ii etc 
iats©^f*a«„ 

&*>6ft£ti©-;Sr&sci£#8!ii^£§it#gt6Cc 30 
§aiS©¥»f**«u 

[M#iI9 ] nt^ii 1 fti>t,8©i»-rft*> 1 JftcisiE© 
i, 

wria^ft»«©B!ffa^M. firsffiiei»asw*ij:cmssi& 

**8^©t»rft*©±©#«tt««LhK0ia3ftfc^ 

[m*m \ 03 h5ib¥j»<*^«mo s h^>>>x£r 
fesciMi r ^is^js 9 tcs ais©^®»^g 0 

[fi*fl 1 3 «e©rtgptc«^t©^©^?R)^3^7t: 

WfcjsjwffjtcEjtj t, -c «: 4 c £ *»» t r * 3 ^Tcjaw 40 

1 2 ] U»K««©JJctt©2KPStt. itMBMSi©^ 
3 ^faStHS L/T BB-aUi(c«IBIB|-Cia?>J 3 ft. B«fB« 

i^1$®iTSI*^iIl 1 «cf2f6©3*5cjaW«Jfi#. 
[M*Bi 3] »iaatt©»tt©^P«*SI»W«:*rBI 
Dif-fXrssci^^Sii-rsit^i i«:ia*g©3 

4] iW2aa©asK©2SiHtt-y--fx*s&* 




-14 4 2 7 6 



2 

«^©|s] D-y- X©S?HAJ|5l-mJ:tC^W|iSria?»J3 

ft, Htrias«rt©|5i— ¥BF«?(cKi/r»it»©-y-YX© 
m$gu 1 eciatg© 3 xjcrnnmm. 

^i-r^i»*^i ltctStS©3;X7c^»!^J»f*. 
[t»*^i 6] Bufaspte. ft©mftfc^E(*t?^3 
ftrt^ci^r^i-rsii^i HciatK©3^7cs 

m^m 1 7 3 B5ie^©rtau(c*s^#aT-s c 1 4 

MitSMffil l«c8a«{©3*7cJHJWfllJft». 

[M*9 1 s 3 w*3i 1 1 K&wosxjtmmmto 

i. 

c © 3 ;K7cM8t?ti§& i -> tcmgfcm* t^nc 

ffi©sa A^ra-c* s . xzmtmwi® i %^t? c i £ 
#^£-r£¥i»#iSg. 

[»*^2 03 Mte^#:7c^«. pria*^fta«?:it 

fiX-T £¥«<*tgSR£IU C £*«f*£TSBW0B 

1 9ceett©¥*{*£a. 

i. 

H«fesrH±©B?)ia*«»ss©^fflK^3 ntc^nm 

* i *^t? C i i f 4 ¥3»f*gg„ 
[ t»^J® 2 2 3 BUgB^t!*^-}*. 4 > ^ *$ <fc 0*+ + 

2 l {cfB$g©*^{*^g 0 

[f«^2 3 3 !%a«g^^*I(*lltr*^t, m 
[fi*«2 4 3 **(*S1g©^®«:^©» 1 © h u> 

^?rJf5^-r^X|ii, 

mriB*«»S««:^^a^iiT c i cc «fc r . IuIBIS^ 
©SlOH/>^l o©sMRtt©£jHK:X*.*:DfIi 

[»*3B2 5] IWE¥«tt©SiH*«fiSUfca. HtfsE* 
^«®©affi(CBufB 2 F«t^©^«ca-r^»2© h b 

mmm2 © h u>^fc«fco*Hasa^«*e©^©rtgiJ*^ 
^ra^tj'X^i*^ 6<c^tft i^^asti-r^is 

^IM 2 4 fC5BSg©¥^»S«©Sit73^. 
[I«3}?^2 6 3 WB¥«tt©£ffl£JBfi)ELfctfc. HUBft-ft 

znmt -r sti ?m 2 4 Kiats©^^ss©i3is^r 
[f»3j?^2 7 3 prta^2© h 

^tCC «fc 0 ffl£¥*a«©£iH©rtififcttf WfcJBfiM- c 
i i TStf *?| 2 5 CtiBiS©¥*Sttg1£©S^?j 




C3) 



3 

So 

[i»#3B2 8 3 *«*S^©^®(c. 1©FU 

mTt5#«ftSSMJiaa£fi5-f c £ «c «fc o r . fty IStKK 

««irs*»flsaS«C!>«ifi*o5 10 

[«3jsra 2 9 ] &rie# ion/> ?<Dr^P5* d. msm 
i © h u > mwnuffiomm t m cmmz & r©¥ 

©m i © > * £iE?ij»r * c i t r &uw? 
m 2 4 t> 2 8 ©u-mA* i iHK:fet6©^^s«© 

2. 5 «±-e*€»Ci*#mi-r •2»W^2 4fct,*U2 
8 ©1^*1 1 MtC3ffi<D¥-W#»m<D9m-tr&. 

[mim3 1 3 frie*^f*s«©Hfrie^M±©*^M 20 

l twtkt? zn&m 2 4 u 3 0 ©o-rn^ 1 Jitt 
ieiS©¥*<**1S©iefcfr£. 

[ff*JI3 2 ] ^mtb&teCDiiWlCTXH? htt#5l& 
±©«iSt©^l©hU>^fcJ:^T^^f htfc#S4«T 
©«£S[©lff4© h U>^«r0RX-r^Xfii, 

©H£l©hU>*£lO©£MiCgI;l, *0SfflB«»© 

j: vmmm.m&Bf8, 3 nfc^*^t?B>ne^^»«© 30 

(W*IB3 3 ] ¥^ft»«©«lBtC^© h 

Hut ttm&mmcm 1 cia^T. m 

immom i©fu>^i o©£»c^* sxfii . 

S#Hm©SE*tl5ia^?H©rtS|5©JE^i©M^^$ < 
[ft*I 3 4 ] I ©I^MS^iS?a • MEETTtf 

t\ mmm 2 ©gy^n^es • i^jErrtf *> c <t 
i r 3 3 (cie4£©^ft*«©$ii»^ft. 
[tf*ii3 5 ] Buie^ 1 <Dtmmz 1100 'c«±©is 
ST-ctf ^ci zmm 1 1 zm&m 3 3 tcmmommtb 

««©tei2;&. 

(t«^is3 6 3 ffiumzoimmte. **t?««# 1 0 0 
aymm^mmoymm^m. so 



^^■r 0 1 - 1 4 4 2 7 6 

4 

T-Ctf 5 C t t T & II 3 3 CC3Btt<D¥*ttS 

«©i«s*& 

Ci«#3i3 8 ] me* 1 ©^sitiria02 ©iiMS*s 
aMxsr$>€> c l zwmtr&mpmz 3 kib«©¥ 

[f3*JB3 9 ] ¥ii#S1£©il®K:Sifc©|& 1 © h b> 

©Sfi 1 © h u>*£ 1 o©^t^©SrMic^^.sx?i 
Hote¥«<*»«{CBflfa^?iii{c»-r sis 2 ©?ft£j&ftrr s 

mim* 0 ] mmfrmm<Dmwtcm$k<Dm 1 © h u> 
^^(S-r^x^t. 

mrfe*«»as?:«^-r6^ 1 ©*^7c«i«s^.2> 
^2 (D^mwTtmz^frm 1 ©*«*JH4. tuieis^© 
m 1 © h v^*tttsmsimg.#mz<zmmimm-z> 

Btria^^a^icsi^^a^liETcitcjr^T. mr 
taa^©^ 1 © h u >^^r 1 o©¥«tK©£»c^x. s 

XS4, 

mrtB*«(*as{CBiiiB^?itca-r 2 ©«*jf5a-r s 
xai, 

fa^yB©rtffifc. B«fe^©±©Hofe^»asrt{cfi 
^§Rf3lE^*^3l±^fci*©. B5rfami*s«to*m2© 

c«*^4 1 3 ¥mwmm<m.mic&m.<Dm 1 © h u> 

^-^ff^T^Xfii^ 

©^ 1 © h u>^*-e-n^na^!©s<t^©s?i?tc^^5 

[»*Ji4 2 3 WIS^S* 110 0 *CJi(±©i»aT. 

1 0 0%©^HT©SHm*-Ctf 5 C t*» 

^ i r s 1*^9 4 1 K letg© 3 ^7c^ftn«iS{*©^jfi* 

Cli*»4 3 3 ^S#»«©«iS{c»S(© h is>?-ZB 



(4) 

5 

[BB#B4 4 ] BUI2SJI 1 © r \s^3-<DUZf3falcma.t£ 

TSKcts. tiriem i © h u>^©Kffim«. Bijis^ i 

©H^>f ©SffifeW © iC5 -Ca/J> i fc S C <!: «&ft 

[^©WMfflfctjMB] 
[0 00 1 ] 

[#6WOK-r*RfBd»] 3t^6Mtt. so uttt&n* io 

[0002] 

[#E3fc©i$ffi] jfi^. DRAMfOS^f/W^KfcH 

mmit^x&nMtzmm? &fc#©i-3©*&<ti, 

afe)©tt*>9CC. SOI (Silicon On Insulator) S 

& c <b tf e>n 

[000 3] SOI mmtffiBMigLklCis U 3 >M^S^ 20 

I MOX (Separation by IMpl anted OXyqen) ffi, EL 
TRAN (Epitaxial LayerTRANsfer) a&£*J9**£. 

[0004] LfrLteWh. «e*©s o i mm.mm-fj 

©4>&l^>y=i>«i$ 4IitSCi 
[0005] 

[^«0J:Ht5Sa] ±3£©*n<. 

<t *) mmtstc & & # . i*flfattojS"cn»w * 

[0 00 6] ±K*«***Lrtt3ftfcfe 
©"C\ fORIfc^gWH, r ©±IM». ffffltt© 

fiT*jga»r«:j&jiRr*3 so i ^jSiisja©^)*^* 
-r^^i*as*jj:y ; 'e©sss*^®«-r^ciK& 40 

[0007] 
fB©ffiO-C*-5„ 

[0008] ±EBW*aiss-r *fc«xc. *^(c^s 

¥e?ftS«tt. ¥»ftS«*K:¥ffi«©^ (ESS: Emt 
y Space Silicon) ifimi C t £#34 <!: "T 

s. ^«*^©^m*i ^wr^je^-c^o. 5Sg so 
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©SOIili^iSSON (Silicon ON Nothing) flj 

[0009] cct, ^f*a«©««^»{c^?i*i9: 

©±T-C^»r3tiS©-eSl!*«^l^) . i&gfcit^ft: 

w. *»»so i s«©^ >; •> h^Sbfcw^ic 
[ooio] ttc *ftmc&zm<D*m#mm*. m 

[ooin xmitctezimwmmammitti*, * 
m#m&<?>mMicm%i<Dm 1 © h u>*-£flW£x*i 

[0 0 1 2 3 £/c> ^»HJ(C^Sftfe©^^Sg©S3« 

Jf5/j£f MiBJIll© h U^JrO fcB3PS# 

Kt,^3©hU>^?rff^-r-5.Xa<t. itiriB^ttStg 
«:8&*fiS!£*rf CiKot-jt, #J32«$©SI 1 © r U > 

* t BtriBm 3 © hi* > ^ i * , w-rnvtvummmzm 

U ^OBugB^ft*«K©^®tC^n®5rWrSHDr 

[0013] cne.©^ftSS©M^^©»i! ia» 

^y»«JaT©ii«)T?*S. 

[0014] ( 1 ) 3P«*©^jB*J|gjai>3k«. 
S«©*M(C^«^©|g^fCii-r5^2© r U>*£Jf5 
fdtrTSXflc:. ^2©hU>^*}J:Df^t^©^© r < 3 
g|5?ri^«-CS*jA^Xfi<i;^ 3 6CC#-T S. 

[0015] ( 2 ) ^ffi«©^^^L.fcf*. mWHt 

<££V¥fott<DQm<Df*}wicmbmzBf$,-?2>. c© 

». &t±1B ( l ) ©ig«f^. 

[0 0 16] (3) mi© r ^^©^©IBRISrD. 
9 1 © r U>^©mffi©ffl«<t|B|OES£}rr&R© 
*a£R<tU/ci#i^c. D<4RifcSJ:3fc. «!&© 

[0017] (4)fi*igttr^';3yiMffl 

[00 18] (5) ±12 (4) {CfcU-C. ®)ET^S 

io, *5M7c3tis«fflm-r-^iif^M-r5/cfe©^M 

[0019] ( 6 ) ±IB ( 4 ) SCfcl^r. j^JIT^OTk 

[0 02 0] ( 7 ) ±12 ( 4 ) Ct*a>T . SJET#>"? 1 
0 0 0 *CJi(± 1 2 0 0 'CJWTT-^rH^^-r Sfc*©» 

[0 02 1 ] ^^©sn^it^^^sg-c^tK*^ 

*mi<omm#m)fco$mm£ic j:i n x h ©±#^ 
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[0 02 2 ] 3Xh©JJ?£l»±-C££SEi3«> 
^?ffl{C^^S<hl,^i'>^P&7*n-fe^(Cj:«3. SOI 
[002 3] ±IBOJ; i 5iC^iMIIK:J;.5«ffiv>C ; yu- 

se*©so ifflgKjt^rfc^jiftoct, * io 
[0024] c©^isr-«. mmon-is^z-zm 
3 n^ffituicD^^ s o i mmzBj&-r z c t 

[0025] ffffltt <DiST^K*±r^ ±IB« 

a© h *e i oc^coM^tdi, mm&m 20 

«©*ffix * JU¥- ^ffi/Nc-T & <fc 5 «c£ D &¥«#© 
*ffiW^u-^ 3 >tcJ:&&©-C&57c«). svp*jb 
JSW ^*J»<*^^©^ H B a ttASffi^(Dmi!igS^«(* t IBIS 

[0026] *^©±fe^e>^«:-e©ft6(D@e«jt^ 

[0 02 7] 

[0028] (mi (ommnm) m 1 t*. *^©® 1 

©HJfeffJ^iC^^Tfet^©^ (ESS: Empty Spacei 

n snicon) %wrss/';=i>s«e. -r&fr-^sos 

O I a^<tt/»X.6SON (Silicon On Nothing) Wfc<D 

[0 02 9] St. HI (a) SVr.fc5{c. #f£A03s 
'J=3>Sffil±CCvx^M2?:^b. -e©±tC7* h 

[0 03 0] ^JCHl (b) CC^f cfc^tC. V* Visit 40 
tfR I E CCcfc 0 ?X d?^2 i/L. v^i^M 

[0 03 1 ];*KH1 (c) (c^-rj;-5tc. 7*huy 

[003 2] CCt'. hu>?4©*li*0. 2/im. 
iSS«2am. h \s^7-4<DMm<Dfflf% (i£j$©H3# 50 
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M) lit 0 . 8/imt'*5„ h U>?4©U^T"i/ hCCO 

[0 03 3 ] &Kv;**t*2£|&i;l,/cf£. $yiT (>*C 
MEEct *) i>m>EEJj ) ©#Mfbtt#H«. »* L < K S 
iO, ?r«7C-r-5>#H^ WAtfl 10 0'C, 1 OTo 
rrffllO 0%7K^H*tftcrWSTx-;U?rtf -5 C 
iCC<t«5> HI (d) *mrmi (e) tC^-Ti^tC, 

a?H5*i»ia3*i*. ccttt, ^aiias^i ioo 

[0034] C<DBVtmti*. U <) a >WR 1 ©*ffi© 

fc-r s <fc 5 jc£ c & 3 >©ai? ^ ^ u - a > *c 

<£&&©■*?*&„ 

[0 03 5 ] c cr. ¥«tK©^*3^fiS3n-S^S^ 

HM^© J: ^ CC h U>^4©*M©WPg*5o. 8 urn 
©*§-&«:«:. HI (e) Cc^L/cJ;-5(c, ■?-n-? , ti© h 
u>^4©jgccrjf^3ia-s^|5j±di— f*ibt-c, 

[0 03 6 ] F U>?4©H'7'? KCOI,»t¥iI* 

m^-czzimmicmw-fz. H3«, hu>?4©u 

-fT^h^tflit*?.. I3©Slb>?4©U 

>fr^ h©^c(j-en^6^>a3n.2.¥«tt©^5© 

¥ffiH€>^L-T*€, 0 ShU>f4©U-f7f h©¥i 
H©W-W Blf®H«Hl (c) ©KMHfc^L. ^& 
¥««©SiM5©¥EH©W-W WMH«H1 (e) 
©WffiHCCffl^-r^o 

[ 0 0 3 7 ] HGCteOT. D« h U>^4©P^Pi. R« 
hU>?4©¥S^l / tt,^ 0 >fefc. S^5©^2^ 
|6]©1«(«tfl0 0iimiStS.& o S/c. ^5 

©Si2277[fii©*^s«^ -j y<D^ntmmm-c$>K> . 

[0 0 3 8 ] *»JI!*&©W5£«:j:*itf. D>4. 5R 

<tu/cig^. ^^©^^jf^-r^ci^-c^-r. & 

«3. D<4RiL7c«^ ^Stt©^mff^-r-5.Cci: 
OTtSCiWofc. fc:te. 4R^D^4. 5R© 




[003 9 ] Ltctf-oT, m3iCfjkLtc^h^>^<D\y 
-f7f KtfcOT. D<4R£t§!;£-f SC^Cj;*). & 

h U>?4©JgJaS*TTC»fc«i«T«:¥fitt©^?ll5* 

[0040] *&*>fc. 3WOII0»CcJ:n». ¥WtK<D 

Kb u>?-4£W7f horfc< cit. -£©isris)cT 10 

[004 1 ] C *Ui. f x^ffirt©^©^©^ S 

o i «aKc-c*4c i*sti*u. *©«wc«*att. 
ffifiwttitt <t'so i *«©y y * h *fta-r s ct*i 

SC. S O I S«©^ U » h «r*S-T-S C £ AJf * 

[0 04 2] W^, S I MOX^E LTRANfOS 20 
O I S«£ im* *) . J*F-«B*ST S 5^ y 3 >ffiJii<{c^ 

x*;l^-£g/Nc-rSJ:5K:£t;-5^y n>©flffiv 

*s/ y ^ >fi«©M^tt«a#©#iS B B B ^ y 

[0 04 3] C©«fc -5 tt¥«tt©ffijH*»W*a^i 1/ 

r«. mtfi4tcstj:5(c. stats. <gmam**s 

DRAM/LOG I Cjg*S©LOG I C§P 

©as^awfen-s,, 30 

[0 044]ft*>\ R I E0C«fcf)^©h U>^4*^ 
J&O/cti^tCtt. ^© hl/>5-4 *JWRtt©£iWCj& 
t^fc3 tt3fc«>©*tfsa*tT 5 tft89tc» «ifc© FU> 
*4©rtffi«03S 1 OnmggODiMJ^MLfc 

a. *©m»fb«£i»*-r*e£j&ja*tA». c©j;5 

&*&»fbfflt©J&JiS £ i^t, R I E K J; 9 £ 0 fc 
y p >»g 1 © 2V - S?*+»8C«E*r & C £ #Sf# 

[ 0 0 4 5 ] fc*. hU>?4 ©BP 

M©7Btt#R©*§£8e-3l»-C»9it,fca*. ffiJB©»^r 40 

feH«©is»**»6*i&. c©*§^©r«. ^©*§jg© 

ffi«£RDaffll©R©*S£&4. J&B£lft©f6©$tt 
[0 04 6] S/c. ^X*f;f2£|&£tfr{ti&toJi£:tT 

otk PlfilK:¥®«©^5?r^-r^c£^fr 
fc/cL. 3pffi<bSti^y=i>a«i©«ffi4*iffl 

»2©i»*a©«y6a©«^*<a*ui». -?x*#2£ 

^L^vmMm^j-oXh. -^©faCMP (Chemic 
al Mechanical Polishing) I*l£i§ finf & C £«;<£-? 50 
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[0 04 7] $fc. ¥tg«©S?t?±©*®«M«. *© 
ffi©»RSiffltc»br4>OT3&«-»'ri»4. f©lEbB, 
& h U>^©JS-C»fiJ3n*S}H©(«WifiJ»!© h U> 
*©f*SJ: 9 fc'JvS < 5feCcJKfi£-rStt[»©hU> 

^©#a(c»ur. j^iS3ti*^««©3gffl©#a*M 

[0 04 8] Ctltt. ffi«©SiH*DRAM/LOG 
I Cffl$£©LOG I Cg|SiCjlffi-f 6 £££#&-£>£. D 
RAMS5£LOGI CgB£©Sil?g|5#«:©g*5£D-5 C 
itaSWEOrt**. ##MI§*aflit/fcDRA 
M/LOG I Cjg*8r*S3&>S*>». DRAMS|5£LO 
G I C»£©ajw#«cf^#a*;fe5*r*s##> 
S. «©^M-/^TfeBia©BlStt£Ei;S. 
[ 0 0 4 9 ] ±iaaSB, R=0. 2nm. D=0. 8 
Mm©t§£fctt. 0. UmKTifti. C©Ifi©I 

a-r*titfw««c<it*-c**. ^©aureHco. 2 U 
[0050] aa©»»*ea»-**ftt9«c*a£«:-3i» 

tlS©T. vx? <U9?*) ©&£±tC*fJt.l,fcSB# 
©A^->{co^r«. ^at>*ffl< &&#$JU&A/cflB£ 
©^*->£-r*£at». fft©3W5E£ t/Ttt. t?K- 
AR^*fflUSC£*s*lf6tlS„ ffiflrtcfc. H^Ft- 

A«maaKKtt^r«£i©K»*sw«: < 

[0051] ±a?t/cj;^(c. *s^g©SM-c*nii 
*© * * a u r ibc» r ^Pp1s«^c c^. ^©SJW^ffl 

T?*a:C>»^CCB. JHBR©S»*JBflW-a!iKe. Sffi 
fc< *>, **l>tt¥«tt©ffiW*J&5S0fc»tcffiTUfc 

[0 05 2] *»fiT*-S#;£tt«9Ttf *J»£fc«, 

m«¥IRtt©^iH©»RS««* 4»«jttaw^uar 

[0 05 3] <STOA:^y£WJ#%±tf 

tdtmv. Zsfuuis : 7>±m.m$:m^tcS i©IiRx 

[0054] KB • fi^ra©^S«:j:or5F« 
tt©^jH«rJBfiR-i-*itf. *H±(***««C-r*C£3&JpI 

[0 05 5] «±a-<fcJ:^K:. *SB*»S8«:j:titf. 

1 0©^P«t*i©^TB{C^X. S £ 
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so imm^mm-vth. vtc&->x. ^msmmcja 

fttf, 3X KD±^-f>«ffltt©{6T*^Ttc, SOI 

[005 6] *fc. ¥MK©£iP3©&m>J:tf;*:S;* 
«&© h U > * ©<4S*J «fc 3 CC J: ^ Xffi® V 

£3©-c. i";=i>»Rt|3©iifa©fiH«(c»fa©^#3 
©s o i mmz^mtcmATz c t&vz 

[0 05 7] #39W®B"Ctt. >"J 3>SgiffC 

i ^<D^ix<Dm%*Bm?zmt£^-cmwutcfr. io 

[005 8 ] (S&2 ©HJfeffM) B 5 7 #&Hjl 
©IB2©*5feJfc??gtCtfi&MOS h-7>yx^©i{ji^£ 

*^-r»fffi0-c*^ o jyTCEiicteo-c name 
tcmtm-wmtm-m^itam^^i-^i'. -e© 

[0059] *sttt£*ct& ^> y 3 >a«*(c^«« 

<o^m^BfS.L. C©¥M£©£?PLBtMOS \-?>V> 

[0 06 0] S-T. HI (a) -01 (e) K^L/cIS 
1 ©SeiWBlBiRttO^rffiKJ: 0 . H 5 ( a ) (C^-T ct 
5«c, ->';3>»«lrt«:¥«tt©S?H5^fiSTi.„ 
[OO6 1]#5C05 (b ) (C^-T <t^(C. i"j3>a 

[0 06 2] CCT, 7* hU^h^'3!->9tt, -£ 

a&SflMLLK* -Set 5 *C U-C T 9 Y 3 tlTOSW*^ 3 30 

[0 06 3] &(C®5 (c ) (C^rTcfc^iC. 7 *\-VV> 

tfR I EtC£f3i-";:3>^tJ©8. y 3 >&fbJS7 £ 
HR#.>S£ — V * h Ui>X h>^£ — >9©;<£ 

[0 064] ^tcS5 (d) tC^i^tc. 7*hl/y 

8. ^'J=J>^bJS7?r-7X^K:Lr->'j3>S«l ^ 40 

^1K©£?|b) 5 0£»T£. 
[0 06 5] ^CcB6 ( e ) (CSV* J: fttBtttcJ: 
^^©SiRSCflffiKvyazWRBMtflll i*»RS 
(e) St^-fj:^. ¥-ffi.Vt<Dmffi5 k£ 

0©tt8&©^i^^y3>^{bBt£CMPK:j:«j 
©F*33B£5£:£K: •> 3 >M<blSI 1 2 ■CSJM&tfs&BttiB: 50 




-144276 



[0 06 6] *&C06 ( f ) tC^-T J; 5(C, SR^-#S£ 
(ST I ) £JfcJ&-f £fc&©7 * 1- XsV'T. b->iZ-> 1 

8 . -> 3 >»^bH 7 £^#14 * * > VWtL it R 1 E 

3 ©^ £ - a >m<m 8 . ^'J3 >&fbfi 7 (C 

BS8. -> 1 J3>^bM7*vx^tci/r->U3>S«l 
*S2r1±x^>5'0!|iLtfR I EKJ:fV?£-->^U 

r. m^m\-uy^i4^mmt^. c©<tt. jmr 

«©^4©Wffl{C^L,^^bMl 1 jPR I EX h 

[0 06 8 1 ^6 (h) (c^-TJ:^{c. MMfbtcJ: 
DsSH^fl M/>?1 4©ffllffliCi/ 'J 3>^{b^ 1 5 
£Jf2j& L fcf^. 3R^Nt h U > ^ 1 4 P«9(C ^ >; n >$Mb 

[0 06 9 ] jS^gthU^l 4©S«)ji^t* < «A 
tf^^-«lhU>^l 4©rtSj5*3tl»^SJ: i 5(Ci/';3 
>MtMl 6 5r^ffi«:CVD«Cj;i3ii«Lfcf*. *^ 

iH/>? i 4©^gp©^s^->y 3>M^bJgi 6*c 
m p «: ± o i^*-r c i tc i -d r ft *> . 
[0 07 0] -Xtcmi ( i ) ft^-T J;^ic, ^';3>g 
^ui8. i";3>^big7>&i^*i-^, 0 i"j3>ajb)« 
sttjn^H, po, mm. fj 3>^bii7 immmm 

[0 07 1] ^Kia7 ( j ) iCtn?J: ) ?K.> 
« 1 ©*S5r^{bLT. ^©Stffiicy- h^bP 1 7 
^J^-rS. iEWfflMfctt. 9 0 0-C. ®tSi 

hc i tom&nx^mm&T'tt ccm y-h 

m. Y=j4 KR9©tt©lfilNR«ffi^r«>a 

C\ 

[0 07 2] ^(C0 7 ( k ) (CTjVT «fc 9 (C> agnate 
1 8 ZBf&TZ. 

[0 07 3] mW£R± ITtt, mZ-WZfeikis >) 3 > 

si. ^MB^^ , ;3>Mi^JS'>';-9-^ pst<b©flwii. 
#nM* J &tf ens. ±ies^$s B ^^ -j 3 >jRtt^ie« 

*d^«>©-C. T > F- 7'©^ifc£l!r> 3 >Si <9 4 
ffi{£tn©4>©-C&&,, 

[0 074] ^iSS~> 'J 3 >Bi^fflC^c^{C«^ie B B B 

->V3>y-h. ^ B v>y3>Mi^ii->';-y--Y fb 

«l^»5)Sy-7^>>y-h?rSffl-rS<!:m^ (A. Yaqis 




hita et al . IEDML998 p. 785) „ 
[0 0 7 5] -Xlcm7 (k) fC^-T -y- 
5 * 9VC LXis y a >S® 1 ItCf-Wto-i *>£iiA 

«fot, «< T {£?&£© J£ffcJi (x**r>~> 3 >) 
1 9, 2 0ZBf$,TZ„ 

[0 07 6] *««:. 07 ( 1 ) CC^-TJ:5(C. &*a© 
ft!® (fMtRD tc<fc«jy--f-Ma*&liR2 l*«dK 
U C©y- hfflffit&IKR2 liy- 1 8 
i'KLti'ya >S« 1 It^ffiM A * A 10 

r. V-xffil5(Jf2 2*sJ:t>'KW>!l2;tWI2 3£ff5fi£ 
-r-2>C<tT*LDD$ig©MOS h^>y^^*^fiS-r 

[0 07 7] ^te. 0 7 ( k) ©X*I©7x-;l/£*Bg 

u H7 ( i ) ©x?i©r--^r*^^-<*>©rStt 

[007 8] $ etc, *3aBB*"Ctt. H/>?io*s 

<bJ§8. 2xya>BI<tIl7*6a*^f 20 

r. i"j3>WUR7' . S"j3>SHfcSt8. *>'J3> 
EtfbK 7 £> fc -S -7 X * tt*fl| I > £ C t ifiM £ U l >. 
[0079] JJESSflURB'CBMI! L/cMO S h 9 
*tt. 0RtfDRAM/LOG I CS4&DLOG 1 C£ 

isstsMos h7>yx3t{cn,»5iair>. c<om 

LOG IC««rt*i«iatt. ffifl?WWJ&£SOI 
©y y „ h«9ESr«&. 

[008 0] CC-C. L0GICW©M0Sl-7>y 
X£©Sgi§7"a-izX«. DRAM£Wl!(©MOS h 30 

*£©-e-ft£Jt-<-c. «»©i»u>^*«j3i'r*/ci6© 
xj^>yiii. ig»©hu>^* no^tt©^ 

[0 08 1 ] Lfciiot, Sa©DRAM/LOG I C 
««©S«:7n***K«*©*±»CS3©r. L 

og i c««r«:ssatt. manm^nt s o i ©^ y 

[0 08 2 ] mSG&tMMSM.) 08 W. ##SHfJ©ll3 40 
©USS^MCc&SMO S h^>^**©§gil:£8-£7jrr 
WE0-C A a. SI 2 ©SSJBKHtCttspStfcoaiH* ^ 'J 

^M-cttJWRtt©^*^ 'J ^ >BMbjg-cif «?>iA£-r. 

[0 08 3] *-T. 08 (a) K^-ri^iC. 01 

( a ) -0 1 ( e ) fc^LfclB 1 ©HSfeJf^<t|5j«©^r 

ft cc <fc o . ~> y 3 >a« i tc ¥*«©£« 5 * j&s-r 

[OO84]*tc08 (b) tc^-rjr^JC, JRiMfctcj: 50 
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ya>«IIMUI2 4*«Wfr*. -bEMOMbl*. m« 
90 OX. WfttHC 1 &©8te#*#H»ifiTff5. 
i"j3>iHfcI2 2ii, iII(C*Jl,>T, 06 (g) 

-e^i,/cJ:5fc:R i EfcHcfcw-sx h ^^-<hu-c©t9: 

[0 0 8 5 ] &K108 (c) fC^^cfc^JC. i^yrJ>S 
« l ±(o> y 3 >^®rtbM2 4mt-> ya>gfUl 

2 5£J&(£Lfc&. ^©±tcgl-y-#lS£ (ST I ) *Bf& 
?Ztctb<D7* h U^X h^'£->2 6£Bf$tZ>. 

[0 0 8 6 ] #iC0 8 (d) (C^TJ:^«:, 7*H/^ 
^h^i!->2 6?:vX^iL/t 1 ^ y n >3{fcJS 2 
5 s y 3 >&KfbM 2 4 *mrfi ttx > £ fct R 

>2 6©M-»->?:~>y3>^tM2 5. ^VaXSi 
{bJ®2 4{Cfe^-rS. 

[0 08 7] Atcy* bUisX h>*l>->2 1 ZmffiL 
f5tf§©XfI£JlT. 0 9(C^LDD«it©MOS 

[0088] *nj60jsr &gi2 (Dmmrmtmwm 

?H5*^y 3>^-fbMrii«&ji^ifl*^«t(,»©-c. t*d 

•fex©iaBs<b=&0ns ii^ja*^6hs. 

[0 08 9] (SI4 ©^Jg^) 0 1 0 (J. *^B^©» 

[0090] s-r. 010 (a) tcTjvr <fc 5 tc. ->y 3 

[0 09 1] CCT\ 7* hbi^X h^^->2 7*s, 
mi©*Sfi?f5^©0 1 (a) ©7* h h/N-^-> 

3 £ USt ^ . aS© h U > * 4 tc«JS b fcM- ^ - > 

(&ansp) ©ffi(c. -€-©/^->©i£^c. wp®©s 

[0 09 2 ] ^{C7 =(• h Ui^X h 2 7?rvX^ 

2 4^^-i^yi, 7*H/i/XM^->2 7©^ 

£->2 7 tKftLTiUB-r*. 
[0 09 3 ] ^CC0 10(b) SCtS-T^JC, v^i^M 
2€r-7Xd7£L/r^ttx^^>ypi^«R I E &C«£ 9 

iciSMwv u>f4fc s tycne>©i- u>?4©is^i«: 

[0094] ^CC01 0 (c) CC7n-TJ:-5>tc. ^Xi7W 
2^iflgll,/cg. ^/ETO^ibtt^Hm. Wx.lZ\ 1 
0 0'C, 1 OTo r r©l 0 0%**#Hm*fcrKia 



# 

15 

[0 09 5] ccrw, ^tfc© n^>?4(cwu-r«, 

m i ©ustj&ss-ci l fc£ -5 ic , >; 3 ><Dmm -* ■< v 
^tt©««£i**is# t ^*uhu>?2 8<dt 
ffljno¥ffiia*5vr. en«H 3 «c*tj£t ssr* . 

HI 2 ©;£ffliJ©¥fflH ( h U>*W T-7 h) ttH3© 
£ffiiJ©¥BH (H/>^U-/7^ h) *C«3U HI 2 
©£ffii|©¥MH (¥«a#©®P3) «H3©;SffliJ©¥MH 

[0 09 7] CCt, ^«C[-l/>f2 8». tJTri 

-T«t^«c^?l»I5©F , g®^bffl© h u>*r**fc&. * 
©h u>^4©?f$«^t(cJ:or^6ia*¥S«©^ 

&©-c«&<> at© >f 4 ©fi§r*ntfffit 
a*. 

[0 09 8] ^KH 10(d) Kit J: *> CC. ^<M5 ' 
©ftffiiC v V 3 XMMUI 1 1 £#tit 0 5 ' 

& «t 0 K. >«MfcII 1 2 ££®K:i£«-r 

[0 09 9] ^KSl 1(e) Kiti^K. £iH5' 
©tt^TOKt ~> V n >I£fta 1 2 * C M P K <fc 9 Efeg 

[0 10 0] ^Kil 1 (f) tC^ti^K. ->';n> 
g?{tlll2 9. ->'J3>MI3 0. ^^9-«thU>^ 
(ST I ) ?rff^-r^/c«!)©7 * h U5?X h^^->3 

1 *ttKJ:fcM%Jfti»-«. 

[0101] &«cH 11(g) Kit <fc 5 fc. 7thP 
yxh;^->3 1?rvXi'il/r. > "J 3>^ftJg3 
0 . ->'J3 >»jfcJR 2 9 *S2ftSfex It R I 

3 1On'$->5:i/ij3>Mtl30, S"J=»>l*ffcR 

2 9 KfS^tS. 

[0102] ^fC? * h US^X 3 1 &mtV 

MOS h7>^^^t5. 

[0103] m5<ommnm) ^mmmmx-a. m 1 
■5. id^fc¥«tt©^**rr42'!/=i>a« (so 
r&^p5©©fi£^©tg3i5tci5^^t;r^s^ (H 
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1 4#M) . 

[0104] ±tai3S»> Sin 5 ±©-> y 3 1 _h 

SRKCtt. ^l+il , 3K^-^-^>yt?t-r\ ^£©i&*£ 
LTl^©^a-h^^— 7*>^©ragi^c.S 0 26 

[0105] C©IOgi5:«?itS*Si ffl 

10 cmpjss/c«r i Emzm^-cmmzw-imt-? 
ymmmzR i EftKj:0i^>^u ^^mm-r 

[0106] *CT, ^"CB, SiMIS^ffMlb&t,* 

20 ie9ijff^br4s<„ coi§Mt5H^>fw, hu 

> 9- ©T*K2M*S£ttr # I, > <fc "5 T X * h it© 

: ?«3*i*S«*ll«H-C**«fc9«:Kii-r4. C© 
<fc -5 KfSff- 3 ft/c h U > ?• 0 r *J < C i T\ 

5 ©Jf$^M^SP©©^gSKM?S-r * C 

[0107] WT. H 1 5 *#Mb^*^±ta^#^j 

[0 108] St. HI 5 (a) Kit«fc5K. ^1© 
30 HMff^ilSHiCC. -><j3>S® l±K-vX^<vt2. 7 

^tt2K7 * h uyx h^ - ^->3©A$->*(g^-r 

[0109] yiCCH 15(b) CCi-TJ:^tC, 7 * h U 
i>X h/^->3*iHJglL/cft. vX;5'1vt2*vX^i 
Lt->'j3>lf i ^^•^-->^L-r. hU>^4, 
4" ?rie?Uff^-rS. CCT, FU>f4, 4' ©TX 

[0110] iXKH 15(c) Kiti^K. i")3> 

[0111] ^KC©tfc^©->'J 3>««1 ^i§7Ett# 

e 1 ©*ffi x % >V df - *5*/J\tc & S J: ^ CC . ^ 3 

[0112] -e©itt^. 1- l/>f4«2nfci«0 
ff^c«Hl 5 (d) . HI 5 (e) tc^t J: *> ic^it 

so v. ^';3>ssnt3K^«©^rB5^^2n-s„ c 
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© t z . &m#j&& z t\tcffl&±.<immm u. sis 4 

(a) ©XfH$£tt'<-C®<ft5. 
[0113] hU>?4' *^fi£$*l/c^©fJ 

ttt*Hl 5 (d) . HI 5 (e) ic5*TJ:5CC£MfcU 

it, hL^>f 4' ^jg07cSWLL©*&S?BStt. £ 

©&JR. 114 (b) tcm0fc<fc5fcSS£*J§rt»-r«:. 

U 3 1 tf tc2S4 ^jf^-r SCtJ^-CtS. 
[01 14] JWT. **l-e*l©xecc-oi»TWfflK«i98 10 

[oi 15] sr. ww©hu>^^*fi/-ct#e.n 

££M©^tKfcJ:t>*{I£fcK:o<,>T, HI 6*5^11 7 

*ffli»rift^-r^. hi 6(c^-r«fc5ct. afflohu> 

#JJW©Rfgft£© h U>^©*&*R„ & 
ttOSPJO^SR, HI. 88R, , _kT©BK>£5 2 
r><D&tR(D2.mr3<DfflmMZ8. 89R, <hftS„ 
[0 l 1 6] L/cdJo-C. HI 7 K^T <fc 5 &C $)M<D 
PJ«ttOhU>f-©a3L*3&«©IHIHAr«l4Ci 20 

¥&R» =0. 2tfm©H/>f«g*U ^©ggSL 

[0117] ^©^*. mczkftcommm. «*.«. * 

S^B*,*. 1 lOO'C, lOTorr. lOminK 

#2 tfm©*B£K:tt. mR<D£M1fil -oBf&Ztitc. C 
©*S*te. HI licmt if'y-yfrhfmhti&Zmvm 
«i-if:or*»o. Hi 7*fflt»rSiH©ffl»*SjWc 30 

[0 1 18] ^{cj^fiE-r* h U>?©TX-^ hit, ® 
Kfcoi>ra^&„ hu>?4it £jfi5£Sfeirtic 
ff^-r-5/tat>©fe©r*5. -ew/ca&fctt. hu>^4 

©T*^* btb£5feLL£lT££>g#s*.5,, £7t, 

tttt * ttfS^Wtc ^*15?iJ L X *5 < $, & . ^ © 
|5g© h U>^4l5)±©r B 1PSD« h U>?4©^SRfC^ 
LT, D<4Ri^^j;^(c^-r^^*i*^ 0 
[0 1 19] hU>^4' ». ffip5*«fiW* 40 

ttKics&^fg^src*©^©-?*,, -e©ft:i* 
Kit >"J3>S«irt«:?i^D^<fc^K l hu 

fc. hu>?4' ©M*. ^©^srstcfco^e* 

5=aPa* /E t J 

ifm&mu. isv^xom-g:. e = o. 13 (N/um 

2 ) -C£>S„ a«ESSil(=b/a) Ki-jt^b 

zmx.7t<D9m.-c$> 0 . ESS b / a £ 

2©i#^«:«. 0. 0 284-C&9. ESStWE^T 50 



tl&o fNx.B, ¥S0. 2 Atm. gil$2/Lim©hU>9 1 
4' ^©mK^^MSS/cO 1 . 6{!(/m 

mtO. 12nmTftofc„ C©t§1&> WAtf. 

0. 5 am, jum©hU>?-4' -e©^£ 

0. 7 61 (/nm') iLtMtniilUCiK^ 

[0120] fcLB^fcJ: 5(C «iwes8{cj:n«. 
ft t, » <fc 5 K T X 9 Otitis «fc owKjWBHH- 3 ftfcffiR® 

*wn. fl*:/afc*©««{t*«a»'r«: 1 

* ©3SH©BfiMR«i*«:£ 0 Sg^SMfcMS-r -5 c 
<t#s-c#£. CCTti, ^©Jf^*s#{c:tR^©J«^K 

[oi2i] (mevmmmm) ^mmmmxu. m 1 

~m4©HJS^SlKiifflBjt8ncflfe©5fc#S'Pfi{C-5t,^TUi 
WTZ. 12 U/c«tt© ESS 5 S O N1SO 
»flWFffi«c4st»r. AffiS©ESS«r^-r-5JS^ ¥ 
MK©E S S *s-r?^iT,r L/ * 5 <t P B m* s * -S. 
[0122] ftj*WtC«. ESS$I#20 um<k/J>3l^ 
HI 8 (a) (C^Tcfc^fC. WttOESSB 
0^^0*5, ESSifI#n 8 0 AtmiAtC^-^tC 
HI 8 (b)fc<t^©fc«clt*5il8 (c) 

(CTjrf ffitt©ESS^nTL3:^ t ft 

*>\ HI 5(C*Jlir. hU>^5:ESS(C^^.€,/c*© 

^astt. i o o%7i<.m&w^<pX'<D i i o o*c. io 

Torr. 1 0m i n«^Mtl/fc. 

[0123] *ftwmm<D®Mm?z< l c <tn«. wtcci^ 
ui-rs.t^tc. ^nft^t^x©Ess^»*©K 

Sfc«)©^S?:X^T-5>Ci(CJ:0. ESSB**« 
<u-cfc, ESS£-o^*a&t><£5K:-e#&e£#BEe> 

[0124] SfifiJK, E S S*£jt©&K£lt»Ufc 

tt*tcoi>rttwrs. hi 9tc±asn««:ffli>fcES 

S*»j»©* ^JU^r^-T. ESSifS^ra (mhi) , ESS 
**T**b («m) , ESS±©'>yn>d©/155:t 

(um) Lti,. C©B$. ->';3»1©M^^ (ym) 
iiS: ( 1 ) lC-CSt£ih.£ 0 

[0125] 

• (1 ) 

b/a= l©lg^ictt. 0. 0 138r^x.P>n*. ti 
T©H"#-C«. b/a^2©ti-^(cot^r^-r„ 

[0 1 2 6 3 $r. i^y:3>li«:#>#>£^fi£0T. g 
Ii#itWc. t = l(tm, a = 180(im©ESS 
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5. 2X10-' (Mm) £#5RK/Jv*<. MUX^^m * 
ta=lmmiLtlitSil/fciC^ 1 5=5x10 

(dm) ±j<mm<DEssmm<Dm-&t<c$>. &nicjz 

[0 1271XK. ESS rtSPCDE^) £ jK.%<D\Et) t © 

mc£.z>mm*nz.x?>tc a EssmmizMz. es 
tc^-ox, mx.izmmm<DEjjDi ioTorr -e&hm 

<&t,CiZ, mttiffi. U 0 13X10"' (N/m 

lym. a = 1 8 0 /zm©E S SKftLT. AMffffiM 
&c<fc5J§.fr£ftl?L.fc. -e©Mm> 5 = 23. 2 umt 

ESS#»t^.&3ttTi,$ 5 c £###>-> 

fc„ cnKftir, a =2 0 ymiE S Sig^/hS < G 
fc*§^(U*. 5 = 3. 5x l 0- 3 MmiEE^^fS(cJ;^ 

lSK^WcfgstK-ldtfcf), 3^(1) 
ro^^iHiiir^ x^wr * e s s =&s:it-r -5 

[0129] < i > ^m^xm.m^i£<onm.<oi^ 

V3>m<Dm$ t#0. Umil(imO^(CM> 
"C. ^"U- HP! ( E S S4B) (C*f L-C £<Dm&mtsfrit 

[0 13 0] 020*1^ S"j3>Jg©J?;* t ifil Mm 
iJlC^-^Ktt, E S Stl£2 0 m m £ U <b . *30 

D = 4. 2xi 0-5exp (-0. 

k«#*^v>je». Ttt«*rais (k> 

(2 ) JCj:»3s 2 0 0 'CCCfcW S*s?t©l£tfcfi« 6 0# 
T'l Mm£|l.f«&6*a£„ Wc*-,^ 2 0 0'Cifiig 
(DMtm-e 4>*3R&* E S S F*j3iS$ -C&ffcT SCi^f 

^©teni£ lxe ssm^stuMsmic^m-r 

*"Cf¥5C£T\ ESSF^©JE^£^3IHJCDJ£2j£ 

|i^¥©IE;>j{c^;?.&c£#sr#& 0 

[0 1 3 5] *fc. a«mtt©ffi»J (PV = nRT) J: 40 

^Ci^gSbK F3x.fi> ^2©»Ma©SS?:6 0 
O'CiUfclS^-tCtt. 6 0 0*C-C©^S©II^^3M 

[0136] VUbj&^ttJ: ^ tC E S S |*i#©EEfl*JfS 2 
(DiSMlKiOPltSCit?. ESSf9gf5©EE^ji^: 



(CjtfUT, ->';n>Jl©J15 t #0. 1 am £»(,»*§•£• 
Kit, E S Si}i*5 1 0 u m<Dm^X'i> 0 . 1 i/m«ll 
^0*5Ci#»*>4. ES S©J?3 n >@<D 
M§ t iPISa-C&SCi*^. ESS>Wbo.&;*ft 

3 t #0 . ly m©l#^C«. E S Sifl#8 wmig« 

±©*s 3 © e s s tt^a^pjt rca & c £ 

[0131] *&9i£9K. *H»©ESS£ffiJjjS-<r£ 
SSiU, 02 lKS^^otXJ/- ^>XAS^r 
£>£C££JitbUfc„ -T^fe^. ESS*8ii£JtJE&irS 
fc&©lfr 1 ©J&MII^f -?/cf£. 9^ + >^'-*gg)B:-r5 

c<b^<a^brm2©^i®ii^m\ Essrtgp©n 

[ 0 1 3 2 ] fll 1 ©HfcitOStJE S S^rff^-r-5/cis!)©® 
ffl-C*S„ ^©fc«t>. 31 1 ©f&ffiatt. ^t/rog^© 

sta-cs i ©saw yb—>3>©io-t b -ri^s • 

$&IT©^ttT*T 5 C £#Si$ L < . {aR« 110 0 
*C. lOTorr. lOmin <DgzftT-C'i7 fUZMLK 

« i o Q%*mmmmm& u^. 

[0133] ®2©^S«E S SF*9SP©E;Jj£i3frr 
-5>/c*©^il'Cfe-5>o -e©fc«6. #2©&*!Hitt. <g?fi 

• i«ET©i£fraf ^ci^ou. ft^so^BM 

M$ *M<D$iMimD (cm 1 /s) «. JC 

(2) r-^^.6tiSo 

[0 134] 

56/kT) - (2) 

NJ8^r«<L,Tfe. ESSA^U^2n-5.C<t*S<-€- 

[0137] (^7©H*iJf^) SONl«©ESS± 
©•>'J3>§ (SON1) tCh^>^^^?:^-r-2»lt 

SON/l©^$5r0. 1 p.mWLT<<t-?&-&W-&%>Z>. L 
frV* ^S»©SONH©)15?:»< LfcJa^. ±3jL 

[0 1 3 8 3ia2 2CC. Si (1) ^fflO?c^g[K:ck<9* 
i6/c. SONS©)!?^^^^©^^^,, SON 
Jl©ESSiJs»2 0MmiUA:. S22*^6. SONI 
©J12 * 1 u m t U T fP£S L/c^tcfJ. e©»^«Ml 
•C#S(ii'/h^t»©{C*tL/r. SONJ1©/1$*0. 1 
umiX-m< b/ciS^«:«. »*JH» 1 umVL±tJi$ 
<. ESSfiti**iftJLO^3n-CL$^Ci75J^^> 0 

[o i 3 9 3 ±Kis***«r*t. m2oymmmiz. 
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mi OffrMMlC £K> ESS ffi&ZftmLtc'&, t^V* 
fEK«*fc*$W3 S O N»©«iMbie©1l«CfT5 C <!; # 
^2©^a5C*>^r. ESSF«3 
$mi&]£J:i?i.l£&mt l c±.tfx:te< cir, E S S#ff 

[0140] *ffiH©¥ffitK©E S S©-?.&*l£ 

-So fc/a, 01 Otc^-TJ^ic. QmoBf&fttc— 

OfeC^ Xg -C<D*Bff£WTr-S E S S Zl&f&T Z C 

[0 14 1] (SfT8©|IM?g) * + * 

;UitTtc S i G emmifi&#>&£ titcis y n (M 

[0142] $t. S£*©^»sccot,^r^-r^» 0 

L S I CCfcW-S h #©$»fb©£B0 < J©— 3 20 

*>^ 0 tC5*Sia^h7>^3fCD^-hS^0. In 
m«T©ffiiH<K^A t , -e ©Sfefflf t« * r £ f BINc 
'mis. 

[o l 4 3] t©cfc-5&«m©4i-c. SOT^btcffl^ct 

©i&^i«a{b©^^rftt . ^ 'j=i>mm<Dmwtt 

[0144] c©s©s*ateicj;ntf. safflssscc 
J; -5 r SSiiHttfi© s i «c$#>&J£ c . c n«: <£ *) * 30 

[0145] L^L. S i GeJi&<h'©^ffi;SfiEEJi£ttt 
s«ifr C i tt. ^T-M^K «fc 4ISa^»©l8*i l» -5 fUf 
jg£IS< CiKfca. COMB. fg^M#£*#<-r 
*fc8E>«C»*. S i Ge)l©Ge^ ; 5riS<-r'5>«i'^ 
-T&fc^, S£3fe©^<&S1gfC:tel,»TWt. Ge£ 
**Stc^Wr4S i GeJH*. M*lfcttAKIB*:«£ 
3-e4Cta<3Sfifi»«:jas6r43&»*«. :7n-tz;U:© 
A*ftrasi^ot:i»fc. 40 

[0146] fclT. 023 ±5BWH*«f»l-r 

[0147] s-r. »yy^77 ^ft*sj;C>'R I E 
?££/BC>T. 02 3 ( a) fCinT J^CC. (100) S 
U&Zm-f Z>m&M><Di") 3>*« 1 ©RMJcJS^!© h 
U>^4*lBJiJ?f5^-rS. 

[0 148] 3(b) tCTnTJr^K. *5R£T 

*=f>£©jg£#HjlWi-C. EE^? lOTorr, 110 
0'C, 3ftffl<Dmiamt<c£^-c. S";=i>S«i©St® so 
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tt)Bl. 2um. aS3±©l"j3>i (SONS) 
3 3©J?3teO. 6 /imi&r)fc. 
[0149] ;XKI2 3(c) CC^-TJ:^«:. 2g?P35(C 
it?-* h 1 0£JiftJ©7 * h U 7^77 a *J«t<^ 

x^y^Il'tMtS. hu>?l0omiB 
0. 3Mmxo. 5 y m©S^?f$-C. h\s>* 1 0<D&. 
3«2. 5(imT*5. 

[0150] #«:0 23(d) CCmTJ: 5 (C. J/'J3> 
S«l©3l®3:f&8KbU fSO. 4fim(!)i";3>i 
<bM3 2£Jft£T£o £©£5«):*iMt*tTr>fc*S*. 
SONJI3 3©JS£(iO. 6//mi)60. 4Mm{Ci^^ 

[0151] *«{C. 02 3 (e) 9fC. R I 

E^*fflt»r^ y =» >sts i ±©^ y =»>bhui 3 2 * 
a!RW«:i»*u. 3gM5*icfc!>*mi ort(c^yn>^b 

«3 2*jWRW(C»«S-tt. SON*«#;SJiH-*. 

[0152] C©=fc-54CL/rf#P>tlfcSON»S©SO 
NJS 3 3 rtOrtBMctfj* 5 ?>^$K J: t) Ste L-fc i 
250MPa©?l-p5g»3l4(tensile)Jt; 
titfiW&T&tl L AS5SIS3 n/c„ 

[0 15 3] COj:5&?hif)tt)t.^4L-fcia 
tJ. •> ') 3 >1« 1 ©*^i"J 3 >fM 3 2 J: 0 

*ft-rsRMc«ffi**«»fflsn-5. ctitc^L, ass© 

i"J 1 ?r^S(C^St-S^«:WM<^©M«l*ig 

*<Ct>. -£©*§*. ^> y 3 >^<b)S3 2 J: tJ *>t@*lW(c 
^5Si^^[©7^^ y 3 1 »C3 1 -p 3g 0 14©]C& 

[0154] ttM<Dtcebtcftf&Ltcis y 3 >!MbJR3 2 
^J&LT^&^SONa&fC-^T. -?-©SONJlF*g 
©Wgptc;**[g«iciri^u/ci C 5. *X&lC&ttttJI 
t>fttj:fr~?tc. C©C<tW. 3>K-fb^3 2*^ 

■rs /c«>©is^bigfc j: ^©m©-> y 3 >M^fctt ^ 

^5*3<tO'h U>5=- 1 0rttCjMtRimc^g-rS/c&© 
i»^>fXg{cr»6tlfcfl»fi*t. SON13 3©rt 
gp«c«0Wtcic;^^)f^-r^^Si LrWfflr*-2. c 

[0 15 5] 3 6iC. ^ffi^OSONiiti, Si 
G e @& i'©M^fflfigH5:Si*jAtf C £ (Jff -?~Cl^&l> 
©■C. ^S^{c«t2.M a ^RI©^£C^Rg®{*J^a 

[0156] $6iC **si»«s©sonss«. se* 
©^bMatoii^S^ (SOUS) KJt«urfe^*j 

-^r4>so id©T«:K^{b)@^?¥ffi-rsfc5!). miw 

^tt^SSff^© S O NIfii |SI^©^mAS}W^-C# 
[0157] UfrU. '«©SO IS«©*i^. ^bM 
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#s o i Bictb^TfW m^mitmt 1 m 

m«T. SOIliilmmT*5fc*, ^blSK: J: 9 A 
[0158] CftfcMLT:$S|]fe^SI©SONg&©*§ 

^. ^©so i i«oso i @ic*ai!§-r&soNjg3 

3©J?3#0. 6 umT?&&)ta!\ T^C*>%SONg3 
3 it/y a>»^UI3 2 £^aK©W3-C*Sfc*>. 
SONB3 3 C 
[O1591024K, #H!fc7$!S© S O NiS5:Il> 
Tfl^OfcMOS h5>^X£©Wffl0£in-f„ C©M 10 
OS h7>^x^o^ttS ; &ifJSl//ciC5. fi£#©il 
m>^l^S«±fC{1^l,fc4>©K:Jt^T 3 5%©tfM 
3 6(C. SOI»«±{cMl/fcMOS h 
7>yx * $fc«:£?g©F*9B£^fbL, -Cl>&t> SON! 

[0160] *l|]!S^«g©SONS«±CCffJ)SL//cMO 
S h 7 #©*?»£#> fi£#©S O I SK-hJCJ&JjS 
1/fcMOS hv>y^^<D*niCj:b-^TiSC>flS«. 
«F*3gpcc^ 5 6 c £ -eft£fc© S O I J: 0 20 

2 ic j; s o Niirttcifti'ifcfrfcff-rfttttKJGirr 
[0161] *ilism-e«^M5©rtgp=£^b 
t/c*5, 02 5{aw^-r'4>*jjj£r'*-5 <1 co^ffir- 

*lT0 2 2 (a) GCTrrTJ^iC. SS0H/>?4 
fccfcO'-e-ftJ:*) 6H?L&#*i* < o© hu> 

?i o^ipj^c^-r-s. -e©f£, iitohu>3 : 45 

S8Kt^4/tft©l!iSI^f^ 02 5 30 

( b ) GCSRfJ: 5 tc. h U>^ 1 0©_kgp#.&;* 

#S6frt>©t\ 02 3 (c) (C^l-fcJ^ftPIPIfj*© 
$WM3nSCiK45„ C©^«, 02 3 (d) 

ot$£|3JD-c&£„ hu>5^4, io©u-rr-5 

RJ02 2 (a) ©4>©CCPS5t;*ft-r> «*©WT^ 

[0 162]Sfc, #3Qt0BJ»rtt. ^MSMa'hP 
>?1 0©rtS©^Kl^>;3>^fblS3 2*S»?& t )K^ 

2 fcJBfiSOfcfg. Mtii3m±<DU <) a >^blS3 2 £il 40 

[0 163] Sfc. *HJSJgJg^B. 

^"^fc^. m^-> l J3>i^?S^^©^^1vtf4-C^ 
6(t. WgfiJ/ya>i«llK««HBbW**<*t>*t»t* 50 
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fr*£.C2i±2>c±wv$tmmmnjm-c<ibZ>. «±© 
igiB5©rt»«:jgjsw*ii 

[ 0 1 6 4 ] S 6«C. aKOBBtt-Ctt. SONI3 3*5 

j;o^> y 3 >^bjg 3 2 ©iis tnmm cm^c-D^r 

miLtc. tsV a>^bBS3 2 5tJ;D SON13 3p*9tC 
l^^5S#S£*i*<-r SONH33© 
J¥3K*rr£i"J:a>j^bJI13 2 ©i55©tb«A*t>S 

[0165] *^#^©a^©H^6> SONI3 

3 m<»¥m&mv>m ^i^^a >^bn^©sattf4n 
toimz t<ommt. (¥m»m<omz) / (mmwm 
oBZ+mmttW&omz) <z>j£#so. 1*^0. 9© 
©ffl©fitr*n«^i^c<!b*sw6^£%o/c. 

[0 16 6]Jfc. *3WWg«r». £M(Dftm±mc 
-> y 3 >&ftJI 3 2 L//c*i. SONI3 3rt«:?| 

o5g9lfcft££OS-tt£C£#T'££©T-**-U;r. £rP3 
©-aHCJ/y:a>BMI:K3 2^©Jt^^H5:^L/-C 

[0167] (mQommmm xmmmmit. 

^iSTtCS i GeJSWB&&£ftfc^y:3>*« (M 

n»&w«Mi*ji?ftr* & . s o Na««:ot»r«wr 

[ 0 1 6 8 ] 02 6 ##6lJIJ©fg9©j!i&^5C<£S 
S O NS«©^^^*^-rKM0t?*€» o 
[0 16 9] S-T, 02 6 (a) (C7^-rj;^tC. ^© 

'jy^^YSiRi Ei££fflo-Ogifc© h u>^4* 
y 3 >s« 1 ©affifcisujBiis-r 

[0170] ^(C02 6 (b) (C^-r<fc"5(C. Ge*I 
flBWJSJtrS 0%-^tfJ13 1 OOnmOS i GeJ14 
1*, h U>5 u 4©F f 3ffl^^-rSJ:^K. »Xf 
t> + ^ + JU^g?-&6. 

[0171] ^5C02 6 (c) {c^-rje^fc. ffi^7l 0 
-' P a©:K2£i£-C© 1 0 5 0U 5^K©^Mffl«:J: 
0. J"J 3>»t£i ©*ffi^?jSK)^-if'S£:£-c. ±W. 
TSPfciO'ffiiJSPfcS i Gel (S^jA^s iGef) 4 

i aim&irzgmszmifcrz. C©£*. i^yn> 

1 omffilc &>S i Gel (ftg SiGei) 4 1b 

[0172] *{cj»ttffc{c «t 0 a«aatc y 3 >^jb 

IK (^F0^) ^JfJsSL. ili*jA^S i Gel4 1 at© 
Geimzm<Ltc&> ±IH'>';3>KjbK*Jj:0'aS 
S i GeI4 1 b£0fc£-r3„ cnocfcf). SAiA^S 
i GeJ14 1 a©G e|&(Slt*iS< -C#S„ 
[0173] ftf*K. 026 (d > (Cinti^K, ix>j 
3 >S« 1 ©^ffiic G e >; n >H 4 2 =S: x 
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[0 17 4] COZ^lCLXn 6n/cSONSg<D^ 
5±©^ ij 3 1 *5j:t>'-€-<D±C7» 'J ^ >H 42© 
fahfrfflfeLftt C6. ^©ffiB 8 0 MP a T'& ^>fc„ 
C©*fi^7!p6. ifiWi^S iGei4 1 a£«&rtgff(C 

[0175] **5S»!^-CW. h ls>?-4ZmmLtc'& 
ICS iGeH4 l£xt£^> + ;U/i£g;*i*fc#. 
^ffiicS i GeJf 4 1 £xt-#*^^I/J&63tJ7cf£(C 
hU>?4?rJf^L-rfe^ ; Ci < , C©tg£\ hU>^4£ 10 

te£VMlt>&frS i GeJ14 1 a ^JST*. 

[oi76]*fc. mffi.&mvmw&icumitic J: 0 ^ 

'j3>Hti4WSCitt, S*jA^S iGeM4 
1 a©Geffi^tb4W«)^,?i:8{){CW^^£&-C*-5A^ 

[0 1 7 7] *fc. ««a*B©8S8b&K:xe ^+^> + ;U 
Jiggccj: 0Sil42 *Bf&1r2>C t «. G e 

*j6ffi±-€-©!Eea*«c wna s ii42 £ jft&-r -s^ 20 

[0178] *nW&m<D S ONSfiii, 027 {C^"T 
fikfccDS i GeJ14 1 c £Wf SaSfCit-^T. KTO 

[0179] ffiJHRWrj*. > y 3>S«t 1 ±(C^R|*5 
ii>J& < . *>oG e^ibCiSft,^ S i G eg 4 1 c 
•f£fcSt)K:. •>'j3>l«4 1*i'-K (seed) tLt 
S i GeJ14 1 c©Geffl(££iSK©tecUtKJl*>e>m> 

HK^Tl^/c -£©/£#>. S i GeJ14 1 c©J53«. ffc 30 
WnmligiftS. -Tftb*>. S i Ge§4 2£HK Jfc 

[0180] cntc*tur*3i^si-c«. t£*©s i 

GeJI4 1 cltfBSTSS i GeJ14 1 a«. S i *J<t 
O'S i Ge<7>*ffiv^^u-~> 3 >CCj:!)ff^(/-CI<^ 
fcft(BZ8(c)). Sf@5±OS iGeI41aiC 
t*^B«*Dftl.>. ^©fc«>. S iGeI4 1 a £Jf< 

^5ll-Ct,^t,^Jg{4 3rt©^yr3>S« lfc^O-ix 40 
•) 3 >H 4 2 * ictt£- < ©^RStfSfgifc L- . fcBttfl&W* 

jgfiS $ titcmm 4 4 ft©~> y 3 i *s «fc at/ y 3 > 

[0181] *iat^fl8-CB. S*ttt*4§t ( S i G e II 
4 1a) (DttfttLXS i GeS»>fc*i. Kf8©*JS 

jmtmvtic* a«*m <s i ) &tts«cs«i©tm* 
[oi82] s 6(c. ziBomfflmtmvkic. s\m so 
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4 2#©¥3WMKW*3 iS i G ef4 1 «©JMttm 
M<t©J53 £©Hg{&». ) / (¥@# 
Ji0»S+gSHWl*©**> <Difc#0. 1*>6 0. 9 
©ffiH©ffi-C£>*l«. *A!ill©tt£#E3@I 3 tlS C t & 
WBSfifc. 3 6Cc*fc. SONJlrtfcSloSBDiEtfJ* 

4U3ttsci3&s-rgr-5©T?*ntf. £rB©— spies i 

GeJS4 1 «RSUrfeHC». 
[0183] (»10 <Z£HB&tt) *58SJBMrctt. * 
«W©E S S|«I5*7 * h - ? ^ttAOfWtCJtnUA: 

[oi 8 43 mmmomKzttnzmmffHc&i&'rz c 

[0 185]-£©±. 7* ? ^S«~>'J3>±fc 

0jjrc#&t<t:fr>e>. c*-i£-e©n^±©fiflgi£[5ij@-c 

&©iea**8§(f;*nTt,>.5. 
[ 0 1 8 6 ] ctig-e. y * h - ■> tn&aawmfi&t 

[O1871029K, ±geB5Jig£S¥&T?#.5. 
©0 1 0 <Z>|gft0g£tCft& 3^^Jg)Ra^3g» (7 * h - 

<r>m&m*ntt. 0cc*jtir. 5 i«^yn 
>S:K?r^L/r*j0, c©^y =i>a«5 irt^c»isi(; 

« < ^ l -c * ^, ) vrnmmic 3 ^Tce^tcie^j 3 nr t> 

So 

[0188] ^(C*^Jf^©3^7C^1«igi*©8S!iS 
^-ffitcoc^r. 133 0^lL>t^t5. 

[0189] ST. S30 (a) -30 (c) icfjkTJ: 
^CC. J/ya>fflR5 l±tC^bM^Ci^6JS-5vXi7 
/^-> (^0^) C©v^;?/^->5:-7 
^ i' L r JSlfett W ^ >i v * > yftKJ; •) y a >K 
«5 l£i?^>^LT|5lG$!3l5JCP§?LS©h U>?- 

5 2^2 ^tEWKKPJJBbS *©ft±iBv^ 5? - 

[0190] Xlcm 30 ( d ) ~ 3 0 ( f ) tcrn-tj: 5 
tC. hU>^5 2A^)?£Sn*:^y3>Stg5 1(C. # 

x\ is y n 5 i rt^c -y- -( x^fii ^ fc&$t©sg&© 

SS(ESS) 5 3*JflWWWtCEBLfc2}H^"fi'->* 
aLhtc«HH-c^iH*K?>J3ti. a©rt©|SI-ipffi|*g«: 

-rs. 

[0191] 3ZBf&?Ztclt>(D®Mmte. ><J 




(15) 



©#H«*m«7K^ i o o%o#iaiti,c 

Sfc. i";a>©f!Mv^u—> 3 >£{£jI 
lOTorr fcrFCffifcro&a&S* 

h^* s i o o%?kmnm^ 1 ioo-c, Ejjtf io 

lOTorr, USPS* 5 1 Omi n#S£>tf6ft£. 

[0 19 2] CCTB, -?X-}^-<£->£B&£L/fc&S<: 

[0193] #|S|»^©3*7C^W1f®fttt. ®Sf* 

7 * h - ?*SH£ ft ffi^CStt©- 20 

o-C*-5«fittffttB, £T <3HfJ5©*W!/iRfi) "C 

[0194] £iH5©j9tt*w«rr*iM*«*#S;± u 
wsitmmttftvmmicmisXK v 5 2 ©ew 

[0195] feLhiE^fcJ: 5(C#fl5S0!gK: J:ft«. 30 
*il©**ftttt4 (S"J n> : 3. : 1 ) ©ffl 

-r-. 7*>;xAi?©7£^Tii,risji^^-i±sciAJ-c# 

[0196]$ 6fC. ±l2^fe(C<fctl«. £vPD5©JSffl 
[0197] (»1 1 ©jgi&ftS) i31ii. *^hj© 

in i i conmBmt,c&2> 3 ^tc^w«^» ( 7 * h =. ? 
©gtsia-c**. *mftRtfsn oommm 

s) ©n&&£?E5 3 sfcio'^tMs 3 1 ifimmm^m 

[0198] m#mtte> s«©£g3*i*i«:raL/-c«jg 50 
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*fc©BC1J--f X©«JB©2SiB5 3 s £fctf:£?P35 3 1 

CCH IsX It? ■< X<Dmte2>£.m 5 3 sfc«t!>-^5 3 1 
[0199] *CC^J^SUD3:^JiJW«j§f*©Si£ 
[0 20 0] t-T. 03 2 (a) -3 2 <c) lcfn?£ 

m*»-> (^a^) co^i'A-ii-^iv 

x ? (c L T SlEtt -Y * >x ? > ^S(C J; i) y n >S 
«5 1 £x ^>^UTI3D^3Ti§?l@*sm>Kg& 
■5 h 52 s*}<fct» U>*5 2 1 *tS^{c|H?iJ 

[0 20 1] ^«lia3 2 (d) -32 (f ) CC^Ti 5 
M/>?5 2 s*?J:C>*hW>3 L 5 2 1 J»£<?ftfc 
*/U=»>WR5 1K. ^Mft14©^fflm*-C©^a • M 

3 i «sjai8WKKwo. mzysfatmm.tejfftiax^tj: 

Slt^ X©£^5 3 s*»J:D«3HH5 3 1 ^SSSfcJlJBtt 
tcK^jL/c^A£->£J£(K-rS,, &*s> ffll 0©H 

[0202] c<Dj:^icu-cm^titc^m^^-y^m 

^•>'J3>ift5 1«, »1 0©SIJSt^tPHS4C7t: 

[0203] ^ i ooymmmmtm 

2hicmmBMicj:tiii. iJ--fx©jtft£^5 2 
s. 52 1 €rfflt»ri^©-e. -e©if -fX©jti^Wffl 

[02041 11 0 *j«kO*^ 1 1 ©HJSff^fcteur . 
***^tf »ffl«* t?©«l«ffl|{C J: 0 ^ 5 2 . 5 2 
s. 52 1^^SL/cJ#^ > cn^»©rtgp«ctt7KS^ 
*>. 3 6tc. *^8#«©«BfiEtcj:ntf. $15 2, 5 

2s, 521 \,tn<om.tiTc^mwr-mf^$tix^^c t 

ZmWUtc. .feOiEttKtt. Bf5E©ffi^{i^WT-S^ffi 

[0205] s e.{c. ^n*$i6i-rsioisei5^ 
'j3>ii©$itibi, (ioo) ®i^-rfts?:P^ 

(t*«jiE-r sffi«. {ioo} mm. < 1 1 o } sp, 

(111) SBSf. {311} ffig¥> {531} 

{54 1} ®gf^6^lS3n-C^.2>Ci^HJ6A>(C^o 

[0206] (U2 (ommmm) cct», 
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[0207] itmm®&&'ma»^-ciz. %:5£mm?-. 

j&fcMTte H'Oftm+lZS i tciZG a A s 

KClt (SiO, ) ^^^iL-T^^tl^,,, Ltc& 

[020 8] $iMW«4Ei5t4^<D-o 
<hGT. S i (D^S i O, cfcO ^aiff^A^i^ct 10 

fc^ffl-r £©#&». s ix-mf&otcit 
jcu jtmimt-zcommos iwm±<onm (si/ 

S i O, Xft*-£%.m$-ttZC£X> S i MtiS'f 

[0209] si «£ig!^<k?&x?9gro<c:bi>TMt. 
*a*s i icztuxm-ttummizmt ia>„ s i <om 

mmit3. 4t^OKMlS i 0 2 1. 5 

-e&s. 20 
[0210] sio, jz<oi>&i<>m9rmzm-rz>m&t 

^.«so 1 is4rau5ci*#ie>n5*5. t<Dmm 

[021 1 ] *©!!&«. S O I Sfe©S i fiHU&x » 
f>^SCi?. Si tfSHI L fc±ffi*i J: J>*ffliJM£* 
tS/<f->BgIicM1-5C SOI 
*«©S i ^£xy*>^U ±g&>*$~-><DT 30 

©s io, «^©^*i§KWK:i^*-rsci«H»r* 
[ o 2 1 2 ] 0 3 3 #^©?fr i 2 v>mjmmtc% 

**3KftB**r»«Hr*s. ia«:*jt»r. 6 i« 
( i o o > B^e^wr § *i*fl©^ =j >as*m o 

-Ota*), C©->';n>ii«6 KUJJbffi. <ajB*iJ:e>*Jg 

[0 2 l 3 ] Si ;<#->6 2 i-e©^H©^»«^ 

l. 4/zm#{£firr&„ HPS©*[3lggr«. Si'^- 
>6 2©— ^iH^L&C^atettftSR^O^aiSW* 

[0 2 l 4] C©«fc-5^^?§«. 4-*rai-<T#/c 
E S SRi*Il»tgIKMt 4C $ 
r. i^o© V v ^ 7 7 ^ Sfcj; cfR l ES4ffll>T. -> 
•J ^ >S«6 i ©^SKftiSt© h U>^£Jf5J&-r s„ & 

*IfW©£iH (ESS) *JBfiR-T *. *l/t. Srfcl© 'J 50 
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ffiiH±©^y3>«« (SON®) ©5^S i^*-> 

6 2 i L-rfflt»«ct»a5d*a«mcci!fe* , *--5. 
[0215] 034K:«fefe©so im&zm^tc%m$t 

6 3«SiO, Jl, 6 4«->';=i>S^»nXbT^ 
l//cS i A5r->£^bT(,>3,, S£fe©S i ^£->6 
4©±M*iJ;0*ffliJffi©®ffl«*^K©S i '<*->6 2 
ilUfiKc^-C^^iOS. ^M«*^©S iA£->6 
2<h»g&»)SiO l 16 3-C*5„ S i O, ©®*f$ 

( = i . 5 ) te£»©HJfr^ ( = l . o ) ictt^xKi* 

[0216] -e©fcsb> 033 CC^Gfcfc^©^^ 
Sgtt. 03 4(C^0/cS£*©^?SSStcl:t'<T. J*g|Hc 

*ftiH4#«aiEEWW«:*i>tt < fc 9 . u-cft 

[0217] u±.m^ttj:5tc*mmBmic£titt. m 
frtj:ftmc&&mizm?zftmm&zm%ixz. -e© 
Lx%m&<D'j>rj:^ftmm®mznm.-rz> zttfi 

[02 18] (an 3<DmmBmi) ^>#*#. 

V£^©SH)3ft^tt. r:7>^X£^©fjg«j3^<!:|aJ«| 

©fH©S£Sfi. S£ffflK (aSm«E» : eddy-current 1 
oss) tiT^irts,, 

«. -e-ncc^n-sfi^©H«^t*i i g h z m±©ssj!?£ 

tK&ii. «T©J:5ftf3JJS#jS§c&. -rtet>%, 4 

[0220] frftwu, ±nmmzMik?z>tcef>u:. & 
m»mtt ^x¥-mvt<D%.m*mrz -> ^ >a«=&ffl 

C\ *LX¥&Vi<D&m±<Dis >J n >SS±(C^»j^T- 

[o 2 2 1 3 m3 5i,c#&w*&mvtc-{>#t> 

3 6K3MMH£»fl!LfcM I M* ^'tS/j>%#-r<S^ 
{*»S©»r®0 ; &7n-r. 0icfcl»r. 7 0tti/'j3>I 
«. 7 1«WtCO^S(ESS). 7 2«^V7^ 
-O-Pff, 73»y^Jl-mffi. 7 45**6^11. 75i* 

«C > f ? ^fci + ■»< *s Z (DMUZBlS. LX &m 

[0222] ¥-mK<D^mi 1 **r*^u a>a*7 
0 mmxmz. ±&Ltcmmm<D^-rn<DBf$j}i£ 
zm^xmi\ c©<t5«->';3>ii7 04M(//c 




(17) 



i©»Bt«tc. *tt*?««&s-r*«att. 3^7 1 

[022 3 ] (114 ©USSJfcSU ¥JS<*©#1? 

7^x^©&f8«#if;*;U &^*^£K:iftL<&^ 
[0224] u*<Dimcfimn--- it or. 10 

[022 5 ] — 3>f^-$r^CDy U — A 

{ctet,>T«. ffiftS?ltgfi:«:7a>^©^cc£&mp 20 

[0226] *^bj« % ±mimzMik?ztc&ic, ¥ 

£$WlftK;ft£p-Ci*.5©-c. &l^©rp1jS*^-c#€.J: 30 

[O227]037K:, *ftW<Dm 1 4 ©HJSJM§tC{fc 
[022 8 ] mem 3 8 #jU^.H©ft£i]^ 

m*WR?z>« 40 

[0229] ^f. S i -7x^8 3£fflM-T&. Hicfc 
[023 0 ] ^iC*^BJ©E S S£afi£ffl(,>Tjgi$!©¥ 

5cc. ig^©h u>^©^-$->^n-rs., 

[0 23 1 ] -5-©^. S i ^*^©SrPi8 5±©^>; 3 
>8UHLK:. ^nc^T-. §at^*S»i©^{cfie-,r so 
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£S i ^c^S 3(C^fiS;T£. 
[0 2 3 2 ] SfgiC, Xi>z>-<77-4>8 4iCfS->TS 
i ^x^*gI^]©^?£(CJ:0W0. lti!OSi^i^8 
3*^«iS[©? ^-^^(JHl-r. C©£i*. ^S8 5*5 

[0 23 3 ] (mi 5©HSS^) *|«S^^-C«. ^ 
6. ^7©HSS^as£ttlt&-5>, ¥«#©E SS©o.& 

^«^©F«ggl5K:-o^n*RS±TS^«)©S ite&J&m 
"T -5 1 C©«fc*>&S i tt«jyT©^ft«c0; 0 

[0 2 34] If, i/>; a^SSi^IgffcJK&i^fc 

5. ?X9 1 ©lUMfl^T-iaiJS L, ft: & © 

£ |g)*£© *> ©AJ^ffl pftBr * & „ 

[0 23 5 ] * hUi^X h^£->£-7X£<tL 

[0 23 6] ^(C7* h 1/-^ h^3?->*^fbLT|HJ 
M^tfcx y ^> ^^.tf R I E CC X 0 ^ 3 >*«5:^ - 
5:2^7nWKE?iJ^-r*„ CCt, 03 9 (a) Kin 

[0 23 7 ] 0CC«H@©hb>^^BXO^l='fc^il^ 
< h U->?-©SjiCCj:oT. S i tt©7v#3%^-2>C<t 
[0 23 8 ] lite, vx^2 *l^*Lfcft. ?ISJIT 

©M7ctt#HM*«crs?aT--;u*tf ^ c (ttcJcD. 
03 9 < b ) fc^-T J: a l ©rtgptc 1 

[ 0 2 3 9 3 E S S©-o^*R*<-^fe(C^W^ 
S i *±©i2^C-3<,!>Tg&HrrS„ Si*±«. ^M5<Dm 

t%&f $ fc mzmk<D£m 5 ©^e t ?m 5 ©^ ji t ©be 

9. 2^5*iJP0o^?n-2)C<i:^Bfi<'/ca6(c 
S:WSI>©T-$)So 

[0240]fCT, £?B5±©>"J=i>B« (felT. 
i"j3>itt,^)©JI3t ( = 0. 1/im, lym) 
£. ->'Jn>Jl©a^fi5<!:©|5§^|@-</c^/c„ -?■© 
*££l£04 0tOTVr„ 0*^,. ^P©iJI«:K^<. ~> 

36»4. 

[o 24 1 ] 8£#sa£/jN3<-r sect*. {?dx.^>'j3 

>/f©/?2#0. l/im©^, $i5©fiW§5/im 
«T«:-rn«MC^ C©i|^©iM5il 0. 02m 



(18) 



0 1 - 1 4427 6 
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[0 24 2 ] J:DiE?8(c-e©rara£m»fc&fc&ft. ~> 

l-c zommormv s i e*K«-rti««fct>*»w^ 

w=£ t (E/0. 

cc-c. E^>';=j>©i='>y* < = o. 13 (n/m 

m J ) ) . Ptt^y^Sic^-SffiS (E*) (N/ 
Mm' ) 

[0 2 4 4 ] ~> y 3 >/!©/?$ #0. 1 m©l^, E 

s s©o^n*i55±f s/cat>{c-ijsj& s i &©mni£ 

( 1 ) 5StCg-3l,»-C 6. 9 //mJyTiJtc^,, 
[0 2 4 5 ] «±a^/cck'5tC > i";p>IAl<t 

£?15f*J(CS ittl p4M«Ci-C, SP5© 
^EE<!:^5©WBE<!:©ffi^(Cj:^. ffi*5©-3Ati 

SS©SM 5 * Wf 5 S O N»«^S|3S-C ££<£5fC& 

3 SONS«©8§ff©ll!Ei3lg#*< 
[024 6] ^ffeBJ^t*. 0 4 1 it^T «fc 0 (C ±*> 
6M/cff^^R^-C* a¥«K©£Sl 5 «TT* SON 

s«(co(,*-c, ->>;=i>n©s#fi£m«fe-?-c#;fc 0 

[024 7] C©fc§^ *^8#ttn©tf«i&K:£D. 

>) 3 >@©jfS#S 5 «^ ( 4 ) p>n^„ 
[0248] 

5=0. 0 1 0 8Pa' / (E t' ) (4) 
CCt. a»jSfl (Mm) . tWi"; 3>H©/P3 ( m 
m) &^L/-C(,»-5. 

[0 2 4 9 ] 124 1 K^l/fcSONlfi©i";3>iO 
SI<fcS£, ±^6^/c^*s^T'$)€.^W©^5r 
3 S ON««©-e-*aiJ:t#5l/r^S 0 

[0250] m.mmfcomxo&z tm d-c&srs 
8{gr&£. stztt. n^©*i^. ^©iaa^i. 2 

7<giCT££. *gJfJ©*&^<h|a]D*£;*©SI.&#£D 
So 0*>l/&3^6. *gJf5©^tCWft3©ft5^#< 

{5 5 #<fc 0 *ffifS©£? H£ BJ&-? £ C t ifi V £ & . 

[0251] (sr 1 6 vmmm) 04 2 «. 

mi 6©H^«lic^SIE^-b>if^-ra-CS>-2,. 
[025 2 ] 0*. 9 1tt£I*s{100}©nSSO 
N3*. 9 2(inSSONIi9 1 f©*§ff*tK©£P. 
9 3, -9 3, «^M9 2©^2SP±©S«^M{C^ 

s&suaL 9 4 tzrnut l> r©«««fflK^jjRs n/cw 

1SON1S9 l±{CJBJ«3tifcBI*Lttt»*6IMi«:BlJ 
[025 3 ] *HS&^.m>E^-fe>-!m. ^S9 2©?j- 



3©«wtcwr*>F9* (3) J:5fc. s H± 

*EW0t:*J< C£TIHHB&< ESS4M«Ci*i 

[0 24 3] 
05 6 8P) 1/1 < 3 > 

aE<t^p9 2©rtEE^<!:©GE^MCCJ:0. ffiiH9 2± 

©soNif9i (i")=*^m) imtsct&mmi, 

3S&I5U19 3, ~9 3, ©fita (y-^aafc) 

{b^S, C©ffiinffl©^t«^'; 9£?@»{Cj:»)«Slfi 

ff* 4Sd^-r * c i # Bj#g i a * . 

[0 254] gffig 2 HJBfiftO-C. SfiESftSE^t* 

CCL/-CgiJSL//ctg^(ctt > 04 3(C7r;-f<J:5ft. nSS 
ONS«9 l©Kffiic^9 2Jcf8*JSigoaJ9 6 4i9: 

20 [0255] j/ya >B©ss*©a^-». ~> y 3 >a© 

©/c«K *HS6?f^©BE^-(2>-y-^ai)^-c^SE^ffiH 

->y=i>ji©j?^fcj;c>*-e©-y-wx«:j;or$ijffli-c 

tlSKiACiKJ:'). 0fS©E^ffiffl4i'J^-C#5 

[0 25 6] 044 CCSgfcWfcfliSEKJ-fe 
C©ffi^-fe>if«, {110} OnMSi9 1^ 

fflc^r^i,/cfe©r*s 0 {100} ©son 

30 £IAi {110} ©SONlfi-CK, -^(om 

^#<^cSi'5iC. pSil£ffcJ19 3, -93, ©/^ 
->4iM^c4>©-C*-S <> 04 5 tt. 04 3«:>PtIc;L'/c 

[0 25 7] ft*. ±K3ltt»J«{ClH3eStl 
ti^ct,^fflBr{ffl14©iStiSO 1 (Semiconductor Onln 

suiator) mmzm&-r?>ctifi»jmttj:z>. 
[0258] ttc. ±ummmvit. 
bis. utcm&<D hu>^2 zmumtc «t -> r 1 ^>©t^ 

cfco-c 1 o©^«©^tc^^5c<t(cj:ort.f#6 
50 [0 2 5 9 ] *^©SO I^jgtCttlxrCuiB 
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[0 26 0 ] s 6tc, ±&mMBmx'&. tnffl(D h u> 

£^J&Lfcig£Koi>T^Ofcrt*. ass;i5risicc< em* 
[0 26 1 ] 3 6 ft. J3B^J&tt(C«tt«©gtnf©ft 

Kfl&HVtitstiTfc. ^awftoj^i-rswH** 
mtLrmms tmz. *<m. *»9i©e&«ifti»u 

[0 26 2 ] 20 
mwonmi J!JLh#»L&«fc9K*IEW«:J:n«. 3 
x h©JJM>««tt©<6T**S*»r«:SO I ft&£Bltt 
©^***-r-5^»«:S«4:ll^-e# Si 5 Kfc*. 
[Bn©flW&llffi] 

[a i ] *Bm<D>m i ©*WB»«:«*¥«tt©ffiiB© 
[02 ] &&©«#> e> 1 -3<D¥-mR<Dgm^<DMimit 

[S3] 01fc^Lfc8l©U-fT'? h0l*>J:eF*4-l0>6 
JtSRES*iS¥«tt©ajP!©¥ffiH 30 
[04] *»BI*DR AM/LOG I CtltgSCjifflLfc 

[05] *^©»2©HSS0S«:^5MOS 

x df ©«fi*ffi©OT***rxsRiBia 

[06] **W©^2©H^0^«:^5MOS h^>^ 

x *©«js*ffi©iti¥*w-rxewiBH 

[07] *|iW(DS 2 ©HJS^iiC^^M O S h^>y 
X if ©«Jft*ffi©a¥*m-rxg»riBH 

[08] &mw<Dm3<Dnmmici%z>Mos v^^v> 
x jf ©ws^si^-riawfEH 40 

[09] *&38©$3©£g;^ttCCft£MOS h9>S? 
X^^Tnf EKS0 

[010] *^©»4©H«6^fC^SMOS h5> 

j«©«^ffi©i(f**5K-rxg»fBfl0 
[011] *IBW©»4©HEHl^J»«:«4MOS h7> 

*©«jft*ffi©a***rxsKffiH 

[01 2] 01 OttmLfciitoUT 1 ? hWsJcO^ti 

[013] **W©*4©H*fe^«C^SMOS h7> 
isXZ&Tjk-fVBiWEl 50 
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[ 0 1 4 ] S8 1 4 ommmx-mM utcso n»s© 

[015] #&W©Jfr5©l^0«CC&£SONS«©Jfc 

^a*^-r»fB0 

[016] vmov \s>*mi*sj:vztiic%Hs-cm e> 

nS^jHi©M^SftWr-S/c»©0 
[017] »JW©h u>^Jl5tt«:»ur»6n*SiPl© 
fflSR*ttW-r*fe*©H 

[018] ESS»WE<ttS£WtK©ESS#5o.Ss 

[019] ESS«J6©5SUt«tt«-r*J'fc»«:ffll>/cE 
S S«jg©*7\rt/ 

[02 0 ] ^y=i>@©Jl$*JMfeS (0. lum, 1 
Mm) E S Sm&C-O^XstMLtc7'ls- MPI£J£*£ 
©MfMrmfH 

[021] *wm<DEss*Bis.-rz<Dicm%)%m*m 

[02 2] BHWcj:0*i&*:S.ONJl©j»Si8l*«i 
©K^*^f0 

[023] *^bj©^ 8 ©#yswt&s s o Nmm>m 

[02 4] SONIfi*ffll>TfflRl^fcMOS 

x£©tK®0 

[ 0 2 5 ] m 8 ©niscaj© s o Nmrnommymo^m 
[026] *mm<om 9 ©uss wt&s son s«©jg 

[02 7] t&fc©S i Ge«%«T-5S«*^-rKB0 
[028] *HW<Dm 9©3WW«C«i S O Ngfefc^ 
-T»rffi0 

[029] *mB%om 1 0 ©^Jg^{C#S 3 ^tgEHBAI 

jg<*©^^0 

[03o]029©3 xjcsmmm&<mmimt:mi 

T-5/ci&©K®0 

[0 3n *fti»©ai 1 1 ommwic&z 3 %7cM»m 
3*#©«ot 

[ 0 3 2 ] 0 3 1 © 3 ^j^*£tt©itii£&&8»QB 

[033] *m%<om i 2 ©^^^s^isss*^ 
[034] w&<wtmm&*mirsmm 

[03 5] *IHI3©ftl 3 ©SlJSWt&S 

S¥^^g©^B0*J J: tf»rffi0 
[03 6] *»W©»1 3©*J6«{cfliS*f^ir* 
«"T £¥gf*8S©Kffi0 

[037] *mw<om 1 4©ns60fl{c&s?$aw-r:7'£ 
[03 8] jgi A<»^mw^%z>~<<m^4y'*m-$*>^ 
[039] *&m<Dm 1 5 ©sgwitcffis S ONSSO 
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Bi&ijmzfK-rmwm * 2 5 

[04 0 ] E S S±(7»U 3>S^{coCir. -?-©JP3 26 

ts*a«4CDM«*«^ftjs*%w-ria 28 

[04 1] ±*>e>m/cff^#R^r&S¥1gt#©£?P? ; £: 2 9 

WT5SON»®?:^fB 3 0 

[042] #§tW<Dm 1 6 ©ggJ6Wc«*EE#-te £ 3 1 

7frT0 3 2 

[04 3] IHJIJi0ilK:MSBE^-fe>-9-©^f^*^:-r0 3 3 

[04 4] . mmmmim^tf^t>-(Di&<Dmm^ 4 1 

Sti 10 4 2 

[04 5] PHJS^IiC#5)Kj-fe>-9-(D3 hlcM<D&B 4 3 

M?:7n-r0 4 4 

[ffiWUMB] 5 1 

1- i/'j3>i« 5 2 

2- -=7X^M 53 

3- -7* h VZs* 6 1 
4 1 ©St) 6 2 

5- -WBfK©SjH 6 3 
5' -{BDrc>3at>ffl?H 6 4 

6- tttt©£M 20 7 0 

7- >'j3>g?{bJ® 7 1 

8- 5"j3>SHm 7 2 

o-7*H/y^f^*-> 73 

1 0 -at (« 2 ©at) 74 

1 l—>y:3>S&SMUi 7 5 

i2->i;3>ffikl 8 1 

1 3 —7# blsis* 8 2 

1 4 - JftHHMI 8 3 

1 5-5"j3>«fflMbJR 8 4 

1 6- ->U 3>KffcS 30 8 5 

17- y-HMbJR 9 1 

18- y-hSg 9 2 
19, 2 0 -x^^7 u >ix 3 > 93 

2 1 - y- HJH£tt*jR 9 4 
2 2-V-*«tWl 9 5 
2 3-KU^>i 9 6 
2 4-i";=i>«fflMUI * 



0 1-144276 



38 



->y rog-ftjg 

2 7 - y * V \si>X 

m (»3©at> 

SON® 
S i Gel 
y a >|f 

TtCffiiP!5#»RSSftr(,>*S ifRtt 

Efctt©£^ 

S i 

S i O, JS 
S i 



S i £xrv 
SONli 

-93, -pStefftHty-i'jas) 

P * Sffiffcd (EM) 



[02] 



14] 



000000<IOOOOCX-6 V-1 



DRAM3B* 



LOGIC** 



(21) 



0 1-14427 



[HI ] 



[03] 



(a) 



(b) 



(d) 



(e) 



r 




(a) 



CSSS1 




r 



>* V-i 



OOOOOOL^ 
OOOOOOV 7 

ooooo o ^ 
oooooo 



W o oooooo 

5= 0 OOOOOO 

ty-op ooooo 

i 

oooooo ok> ooooo 
oooooo o|o ooooo 
ooo 

ri-O OOOOOO 
ty -0000000 



oooooo 
oooooo 



4 

oooooo ooooo 
ooooo Oj p o o o o 





5 




■ — r — ^ 






r — J 


5 






( 






1 ) 



[05] 



[H6] 




[19] 



7 (0) 




(h) 14^ 16 




12] 




3* 



iP3W0 1 - 1 4 4 2 7 6 



[014] 



[0 15] 



[02 1 ] 



(a) 



(a) 



(b) 



>-5 



re r« lfcc-ci ssaL 



(b) 




Unload 



-1 (c) 




man 



>5 



(a) 



Time 

[023] 
4 

oiiniLfuuuirn 




(b) 



' 1 (c) 



10 



51 



[016] 



W ED 



Rff7T 



0j 



[017] 




2 4 6 

Depth of the trench <pm) 



10 





[019] 



[024] 




[02 7 ] 



-42 
-41c 



C24) 



0 1-144276 



[018] 



120] 



(a) 




(b) 



(c) 



0.1 
O.08 
■g 0.08 
•o 0.04 
0.02 
0 





1 

t 
t 
1 




-- 1-0.1 fim 




— 1 

t 
1 
1 








t 
t 

t 
1 








t 
* 

t 






t 

^< 









5 10 15 

plats width \ M m] 



[02 8 ] 



20 




[036 ] 





1 




03 




OS 




0.7 


E 


0.6 


a. 


0.5 




0.4 




0.3 




0.2 




0.1 




0 



I22] 









I — a-20/iml 
































































M 



















(a) 



(b) 



0.2 0.4 0.6 0.8 

thickness of SON layer [ftm] 



I33] 



[025] 

4 

t 



10 



nnjuifiMjm 



33 
-4- 



[034] 



1 



5 




73 



71 
J-70 



[042 ] 




932 934 
931(933' 



c 



(b) 



-92 
- 91 
A' 



BEST AVAItMtti.^ goer 



(25) 



0 1-144276 



[02 6 ] 



[02 9 ] 



[04 3 ] 



(a) 



(b) 




(c) 



(d) 



(a) 



34B 



135] 



933 934 



92 
91 



96 



-41 



41b 



-41a 




[045] 



96 



0009 



— 41 a (a) 



-42 

-1 



53 

[030] 



-41 



OOO 
O O 



? ° 

52 I 
— 51 



cpo o 

f O Q O 4 
OOO 



» 51 



(a) 



72 



348 



T 

A 52 



OOO 
OOO 

9 0 



o 



51 



S3 

A — 



(0 



an an ra-72^ 



•71 

--70 



OOO 
OOO 

900 



51 



53 
B — 



51 



(26) 



0 1 - 1 44276 



[03 1 ] 




O°O°0?0 Q 

S38 Igg, 



[03 7] 



-51 




yy yy y a-' y 
O-'O-'O'CK 



(a) 

OOO 

B 



[03 2 ] 



O _ O _ O f g 



0^0 O 



52s 52 \ 531 \ 
51 51 



(b) 



(0) 



51 



B S2I 



51 



(9) 



0 


O 


O 


0 


O 


O 


? 


O 


O 


53s 




\ 
51 



00 
90 



\ 

51 




[039] 



OOOOOOO 
w.o 000000 

. 'OOO — OOO 
W OOOOOOO 
OOOOOOO 



ooootfo 
ooooooy y 
e-e — 000 * 



000000 
loooooo 
\1 



1p 

/ f 


f * 




— j 


-*— 1 1 

1 


T 




e 





4 

W I WW 



TT 



1p 



[04 1 3 



1p 5 w 




A ' 



(a) 



a ' A- 
(b) 



C27) 



0 1-144276 



[040] 



0.1 
0.03 



0.06 
| 0.04 
0.02 
0 





; 


— t— 0.1 pm 
1»1um 




f 
» 








! 

—t 








i 

/ — 















5 10 15 

plate width (^m) 



20 



[044] 



95 95 , 93 £ 



94 



A 

L 

931- 
94 ^ 



95 



95 96 



95 



I 934 A . 



I— 92 
94 



932 
(a) 



95 



94 I 94 ( T 4 94 



(b) 



.92 
-91 
A' 



(51)Int.a. 7 ^'JfB-^ 
H 0 1 L 21/762 
27/04 
21/822 
21/8238 
27/092 

27/08 3 3 1 

27/10 4 6 1 

27A08 

21/8242 

29/786 

21/336 

29/84 



F I 

H 0 1 L 27/10 
29/84 
G 0 2 B 6/12 



H 0 1 L 21/76 
27/04 

27/08 

27/10 
29/78 



r-vn-K (##) 



4 6 1 

B 
B 
N 
Z 
D 
C 
L 

3 2 1 K 
3 2 1 A 
6 8 1 D 
6 1 6 A 
6 1 8 B 
6 1 8 E 
6 2 1 
6 2 6 C 
6 2 7 Z 



i 



